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VALUE (OF WATER TRANSPORTATION 


By RuFrus W. PUTNAM,’ M. AM. Soc. C. E. 


‘in sii decade, of thes he slack-wateri improvement af 


Ohio. River, “connecting of ‘the Great 1 Lakes: to to the Mississippi River 
‘the and the near completion of of of the Lower Missouri and 


at answers might be found. When this 3 500- mile of trunk 


inland ectteat is is completed what will have been the cost to the public of 


of 


wh 


val of 1 maintenance operation costs? To ) what 


what manner has this business of water transportation 1 developed? ae How 


for expenditures. made? 


These and other questions ¢ s of like writer endeavors to answ er 


in an ort to his mind as to whether is an ay value ¢ to water 


regional the Mississippi Valley, as it is is 


Shey 
= _ direct result of the necessity of using its rivers to transport persons | and goods — 
during the early period of exploration and development. ‘Access to the great 
as domains which the early explorer claimed in the name of his sovereign, was had 
ee by way of the national water routes then existing; while the development of 
that rich territory, was almost entirely dependent upon the use of these routes 
the Thus, water transportation had an early and continuing 


influence up upon the political and economic growth of a large portion the area 


keel boats, flat boats, and a vessels. The commerce 

days was largely a movement because, with the keel boats. 
tees flat boats, down-stream 1 movements Were made v with the current and up-— 
stream j journeys by man ‘power. Cargoes were shipped from Pittsburgh, Pau 
for instance, to New Orleans, Ta., and there the boats were taken apart and 
Sailing ‘vessels never were a success 
= river r navigation in those early days because the channels were not buoyed 
otherwise marked, and groundings and ‘more serious disasters were too 
frequent to warrant any extended use of this type of vessel. 2 

c oe =) oe few 3 years after the introduction of steam as a means of propulsion (abot 
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| 
1810) the boats in use soon reached a degree of efficiency and that 


a enaittel their being operated economically for up-stream as well as for down- ‘= 
stream traffic. The river settlements then began to increase in number and — 
q 4 size; trade between various parts of the Mississippi Valley and the Gulf thrived Me e 
and New Orleans became the focal point of most of the domestic and foreign as _ 
— of the Middle West. _ By. 1860, for example, there were | about 3 oo  - 


* 


arrivals and | departures of river ‘ “packets” each year at that port, with more 
& than 750 vessels of that type i in commission on the Mississippi and Ohio Rivers. - a: % 
ae _ While water transportation was thus in its prime and had already determined pit aa 


the plan of development of the Mississippi Valley, rail transportation was still i «ih SS 
infancy. This ne new method of transportation found the framework of 
Be economic structure of the country fairly well outlined when it became strong Wie cet : 
ie enough to become effective; it is only natural, ienaiete: to find that the int a 
railroads were initially feeders t to river ports as we well as to ‘Seaports. Asa 
. result, the river communities received a further impetus in their development 0. 
_ which was reflected i in increased commerce on t the ‘Tivers and also in in greater — a 
"stability of the regional plan for the interior, based on the rivers themselves. tee ‘itn a 
When the rail between the Middle West and the Atlantic seaboard were 


= vessel to export trade and to Eastern ports was diverted from the river ae 


routes to the direct rail routes to the East, and what began as a battle between ‘a 

— two groups s of ports resulted in serious injury to water transportation in the ‘ 

interior. ‘Shortly thereafter came the completion of rail lines located parallel nf 
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~ to the river lines; the latter. being faced with a competition that they could not Os a 


meet, and their general demise was ‘then only a matter of time, 
e i ae During the greater part of this period of thriving river traffic, the physical 
is f improvements to the inland water routes of the Valley were limited to projects og s 
for canal construction, undertaken by some of the States, with | some F ederal 
assistance, and some canals built by private undertaking. The main arteries 

J T 
commerce, the rivers, were left as Nature made them. Many sections of the 
Tivers, therefore, were impassable during low water; channels were unmarked; a 
1g i and shags were a constant menace. _ Apparently, it was not until after rail raat 
transportation. had gained the upper r hand in the struggle carrying 
= - commerce of the Mississippi Valley that a sincere | effort to avoid the the inevitable 2 Re 
ls, was made on the ] part of interests which had considerable investment at stake. _ ee a 
q Iti is somewhat significant that the first comprehensive undertakings for the 
Ps improvement of the major inland water routes were not begun until the decade — Z 
ly 4 provement o j g 
d 2 (of 1870 to 1880, when projects for the betterment of navigation conditions. on oe 
the Mississippi, Missouri, and Ohio Rivers adopted by t the Congress | of 


nd | Even had they been promptly | and effectively « carried to completion, these Be, 


improvement ‘programs were begun too late to save the “packet” system of 


‘Tiver transportation. Outmoded and obsolete, it had no place i in the modern 


: system of moving saad and passengers, and was due for death regardless of eg 
ion might have been done to prolong its life. Nevertheless, although this 
particular method of transportation became practically ex extinct, there must have 
_ been ‘Something of of the nature of f John Brown in it for “its s soul went nt marching — Ae: 
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erations of men — living on the 1 rivers, or were in some 


conditions could be ‘completed. In this manner the: river er projects, 
launched well after the decline | in the ‘ “packet” business had begun, were 
| intermittently promoted until a new impetus came e along and provided enough 
additional energy to bring them to their present state of near completion. — iss 
Navigation interests desirous of securing improvements on the Mississippi 
Missouri Rivers” were aided greatly in their efforts to “obtain Federal 
_ appropriations for river works by two influences only partly related to water i 


transportation. “The | great ‘damages resulting from floods focused national 


and, in addition, 1, there was a desire the banks which were 
quite subject to erosion. during even intermediate and low-water stages. The ; 
lime of the three interests involved in the control of these rivers has proved 4 


Gee 


n> 


sufficient i in Tecent years to insure the and early 
The betterment to navigation which has resulted from 
Bes. a programs of improvement to the rivers in the Mississippi Valley has permitted — 
pee > efficient development of methods of water transportation which are entirely — 
different from those of the packet- boat days. it Passenger traffic (except for 
excursion v variety) has disappeared e entirely. Freight traffic, which is now 
eae "greater r in v volume and value { than it was during the days when water transpor- — 
tation was the chief reliance ‘of the commercial interests of the Mindnigsi 
; Valley, is handled almost exclusively i in large tows consisting of a number of : 


rr. barges adapted to carry the particular commodities which they are engaged i in : 


© 
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well as s down-stream traffic. Naval architecture and 1 marine engineering have! 


BE made | great progress with respect to the design: of equipment suited to the 
various ‘Tequirements of the water-transportation service. Iti 1s quite evident, 
therefore, that in treating the subject. of present- -~day inland- water ‘transpor 

es tation in the > Mississippi Valley one is dealing with facilities and equipment — x 


holly different from ‘those in use when the basis for the ‘commercial and 


Routes. —Of the 15 000 siden: of rivers in the Mississippi Valley, said to be - 
"susceptible improvement, only the main north 4 ont, south and east and 


“Mississippi River below Minneapolis, ‘he Waterway from 
Chicago, Ill. , to the Mississippi; the Ohio River; and the Missouri River below 


Kansas ‘City. These comprise about 3 500 miles of completed or projected 
9-ft channels. It is believed that all the more important factors involved in the 


affecting inland water be developed by 
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September, 1937 VALUE OF WATER 1233 
tases are not different | from those on the main to justify their 
inclusion. Anotable exception is to be found in the case of the improvement 
_ the Tennessee River System by the Tennessee Valley Authority, but the aids 
that project, as it being undertaken, is so 


has been estimated to amount to $10 000 000 per yr. Ses 


inland City of Indianapolis, Ind. 


facilities ‘ve e been provi 

‘storage of freight handled over t these navigation routes. Pittsburgh hes 
extensive equipment for unloading coal from the ‘Monongahela River; its steel 
mills have ample arrangements for loading ste ton on to barges destined for points — 
on the ‘Lower Ohio and Mississippi ‘Rivers. Coal- loading points” have been 

“established at ( Colona, Pa., “Huntington, W. Va., and Ashland, Ky., on 


_— River, and terminals for the receipt: of _water-borne coal have been ce 


= 


J 


p 
_laneous cargo are available at some of the as well asat 
the Lower Mississippi River, equipment is at all river 
| importance f for the e handling | of water-borne commerce of all kinds including, “4 ma 
addition cotton, ‘sugar, ‘sisal, bulk cement, 


cargo at Peoria, Ill., and at Chicago, IIL., and coal at Havana, 
aoe ll. On the Upper Mississippi River municipal terminals have been provided ea 
at Davenport, Iowa, Rock Island, Ill., Dubuque, Iowa, and St. Paul and ie 
Minneapolis, Minn. ; Kansas City hen recently provided i itself with terminal 


equipment to serve ‘the barges navigating the Lower Missouri River. 
Substantial investments have been made at all these terminal points and at 


ie E many others. — The writer has no knowledge of : any ‘cumulative estimate of the 4h 
of all > facilities; th the mere > recital of them should be e sufficient, however, 
o give an indication of the comparative magnitude of some of the pe of a 


Transport —A study of the latest Government 


“power | in ‘pproximated 1 176 000; the carrying of the 

= totaled about 
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7 all the great cities of the Middle West are - 
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ear in Table 1. The cost of this $200 p per 1 

for towboats and $20 r ton for barges) approximates: $67 000 1000. “More 

1 700 of the barges are built of steel. 


| Steel Hull Hull | Steel Hull Hull 


horse pene) Indieated | | Indicated | | ‘Indicated Indicated 
Power Horse Power | | Horse Power| Horse Power 


| Total Total | age age 


5 400 0 
15 600 3] 3... 
12 070 bi 2 400 | 1 200 
36 620 | 10445 | 614 
10760} 371 
160-199! 3825 | 137 


98775 | 8837 | 114 |35 630 


311 


In 1935, there were twelve. operators, each having in active service one 
- more towboats with a total of at least 2 2 000 hp: and barge fleets of 10 000 tons or 


- greater carrying capacity. These op operators had 87 towboats with an n aggregate 
capacity of 911 000 tons of about 000 and 937 barges” with a total ing 


> 


‘in use by these companies had equipment averaging almost 1 000 


barges in use averaged nearly 1 000 tons in carrying capacity. is is 
Saeemiieie, therefore, toa assume the use ¢ of units of these ‘sizes, or greater, ina 
study of modern inland wa waterway transportation costs. ve 


aie As with other methods of transportation the cargo carriers are adapted to 


the kinds of commodities carried. Barges for carrying coal have been largely ‘ 
"standardized, and are built to ‘dimensions best suited for easy passage t through 5 


we the locks on the ' waterways they : are required to traverse. These are open top 
: S pee and are suitable for the transportation of any other type of dry bulk 


cargo which does not have to be protected from the elements. Sand, sles 


m 


rh 


results in the 1 requirement of less cargo space to obtain ‘project’ draft. Special 
os os tankers have been developed for the transportation of liquids of different kinds, 
Sez although i in some cases liquid ca cargo is carried in side and bottom tanks built 
ts into barges primarily designed for carrying miscellaneous cargo. “fae 


Ss One of the barge lines which transports more miscellaneous cargo on inland 


Mite, 


i oe modern type of barge for the transportation of freight « of that shawneter.. y hese 
barges h have been standardized in two sizes. For 
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September, 

200 River, where a full 9-ft channel is available, ) 
carry 2000 tons— are used extensively. — (Each barge carries 2000 tons of 

freight with a of 8 ft. ‘The average running time for a tow, including : all 

3 stops, is 8 days from St. Louis to New Orleans, and 15 days on the return trip. a ot 

The hull of the barge may be used for grain or for miscellaneous cargo; the Sas A 

_ cargo house which is built on top of the hull is also used for package freight ey 

various kinds. Hatches and side doors have been standardized as to dimensions. 

and as to spacing, and correspond closely with the door spacing at the terminals. - 


Barges in this trade | on the Upper ‘Mississippi River and into Chicago (where: 


Self-propelled barges are somewhat rare on the Mississippi System of 
ee quite contrary to practice on the canals and other waterways in th the a 
East. “he One barge line had three in service as s express boats for several 3 years, 


operating between St. Louis and New Orleans. They were -self- contained 


units carrying about 1 600 tons of high- class freight on ‘a draft c of 7 i 
a Although they made fast time in navigating, too ) much time was lost at the 


a 


terminals, with the result that they were taken out of service in 23315 


‘ Traffic — —Without g going into details it should be sufficient for the purposes — 


pas of this paper to state that the traffic carried on each component of this main 
i. ‘system of inland waterways has been 1 much greater in recent years’ ‘than during 


the total water-borne commerce on this pes in 1915 approximated 15 000 000 7 ee 
i tons; it: now (1937) totals about 30 000 000 tons per yr. A large proportion of Pe ra 
this mevement is over a comparatively short haul and is composed of coal and ee a 
is building material on the Ohio River. The average haul has been gradually et: a 
_ increasing, but whether this will continue is problematical, as an important 
fo factor in this tendency has been t the rapid development of f long-distance t traffic, — aie y 
x 
of during: the peat: 10 to 15 yr, over the Mississippi River routes. 


‘There has experience with reference to the cost of constructing 
lk and operating water-transportation equipment since about 1920 to make <3 
to experience to useful data for those interested in 
al there appears to be a wide variety i in costs of 
al y i towboats this is due largely to differences in size or class of operating machinery. e <og a 
ls, _ The more modern type ¢ of steam | towboats will be found to ways in pene roughly, — ee 


4 

aa 

4 

4 

¢ 

4 

: 

substantial growth of traffic since tl ts f 
substantial growth of trainc since the projects tor the improvement 
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Fixed Charges. —An approximate idea of the fixed charges which are usually 


tion, repairs to to and 
if The wage item depends upon t the size of the crew employed also the 


4 about $3 per man per day. Its operations ‘extend ‘throughout the 2 
stretch o of the Mississippi River below St. Paul, and the crews on the towboats 
vary! in number between 20 and 30 men. In the Pittsburgh District wages have 
~ averaged as high h as $6 p per man per day. y. The operators in that vicinity, 

; here. have been able to use fewer men in the crews (normally, about twenty 


men on a towboat. with a capacity of 1 500 ihp). Rates on the Upper Illinois 

5 River vary between $4 and $5 per man per day, and the crews more agai 
correspond in number with those in in the Pittsburgh I District. the gle - 

ie ay Subsistence costs vary between $0.55 per man per day for the barge line 
fi mentioned to as high : as $1.10 per man per day in in the cme District. vat 
Phony rates are in the v vicinity of $0.75 per man ] per r day. These rates depend — 
_ upon the number of men employed and upon the availability of good markets. ‘S 
a Fuel costs + vary” in different parts” of the ‘country. Ine the Pittsburgh 
Paes District coal is generally cheaper than f fuel coil, whereas on the ‘Mississippi and | 
Mlincia oil has ‘the advantage. ‘Fuel oil ‘requirements are best 
For steam 


steamers about 4 800 ton- smiles per fuel Dies el en ngines. 


Jana 


— ightly hig a 
ce = iesel engines are usually slig ive: if electrical drive 6 > * 
— sing Diesel eng ns with direct drive; of 
Towboats pply to installations with 
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__ Lubricating costs for steam n towboats average approximately 3 mills per rihp 3 


the use of a centrifuge for cleaning the oil and a price of $0. 60 per - es a 


* Part of the total cost of repairs to towboats is included as a fixed charge ~ % 


ae under the caption, “ Annual Overhaul.” I In addition, repairs: throughout the 
season for steam towboats cost on an average of $0.03 per ihp p per ‘day and, in the 
-“ case of Diesel engine 1 installation, this ec cost is about $0. 04 per ihp per day. 7 uF, 


- pr ‘Thee cost of repairs to barges depends largely uy upon the service for which they — 


are used. If used for handling bulk cargo, which is unloaded by heavy 1 ma- 
_ chinery, the total annual costs are comparatively higher than in the case of __ 


_ package- freight barges on which lighter materials are unloaded by hand. bie These Sry 


two services represent the extremes, and repair costs will be found w “aT, <a 


a on, between 1% and 5% of the first cost of the barges. _ prea ss 


Costs ¢ of superintendence vary with the character of service and the territory 
5 covered. A check of the various operations indicates that this item will amount R 


‘annually ¢ to from. 1% to 2% of the e cost ¢ of the > fleet. __ Miscellaneous charges — 4 
include deck supplies, laundry, waste, and other ‘items and are found 


equal t to $0.01 per ihp per day of service. ice, = 


Performance. study of performance statistics of a number of steam 
towboat operations | on the Mississippi River gives the ton-miles per horse- a 


ES power- -hour, up stream, as 10; and down stream, 17. These values will be 
ia found to vs sy with the project depth an nd with the quantity of free water under ~ 
bat “hugging” the bottom, there 18 considerable 
is in decreased speed for the s same fuel consumption. — 


“ wee instance, in still | water, performance factors would vary’ Wi with the ner of | 


or several items involved i in with ‘the operation da a typical or 

5 000 tons propelled | at the average rate of 53 miles per hr in still water. 

osts are estimated for different load factors applying to the propelling | units 

also for several load factors applying to conditions under which 
might be utilized. Table 4 gives the cost of transportation for 


barges: of three different: sizes and under vary “varying conditions as to load factor. 
Thee costs for the 1 600-ton unit Were co compiled { fro rom records of ¢ of actual operations; 
_ those for the 2 400 and 3 200-ton units were computed for moa paand of ¢ comparison. — 


— 
uay UL ser wills per ihp per day for a two-cycle engine 
| as out 8 mi — 
cost of lubrication is ab 
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TABLE or W ATER TRANSPORTATION sy Steam Tows > none 


(Capacity, 5 000 tons; 1 500 indicated horse power; and speed of 5.5 miles per 4 


Description 

nt- 


4 boats ; 
| @ o o|lo|m| « 


32 | 8. 5 | 9.0. 5| 158.4 | 1.613 

40 | 500} 90.0| 45 | 32 | 6. ‘5 | 80 |211.6| 158.4 | 1.336 

765 

425 

318 


20 | 700 1 13 

| 7. 1.24 

| 150.0] 9.0 | 32 | 705 | 120 |279.5| 1584 | 1.705 
1.42 

1.31 


Package freight .. 45 | 32 | 5. | 11.0 | 225.5] 158.4 
“ll 36 | 32 | 5. 158.4 


3 


63.5§ | 7.2 
| 382 | 48 | 63.58 | 63 


63.5 10.8 
63.5 9.9 
‘| 63.5 


on~ 
— 


re 


204.0| 99.0 
173.8 99.0 


; 


221.5| 99.0 


= 


.7|| | 183.8} 99.0 
Mie 


Bulk cargo. Tal 460 | 82.8) 36 | 32 | | 35. 4.59 | 161.5) 59.4 | 2.718 
freight . 540 | 4| 3. gle | 35. 6.0 171.8 4 | 2.892 


ss ® 300 days in commission. } 2% to 4% of Column (3). £1% to 3% of Column (3). ye 90% of the 
_ corresponding values in Table 3(a). || 70% of the corresponding values in Table 3(a). 50% of the 


Table 3(a), Column (3), the first cost includes: ‘Towboats @ $300 000; bu bulk | 
cargo barges: @ $20 000; and package-freight barges @ $30 000. In Column 


Res (4), the annual | fixed charge includes: Towboats and bulk cargo barges @ 18%, 
and package-freight barges @ 16 per cent. Towboat wages (Column (6), 


. 3(a)) are based on an average rate of $1 350 per yr per man; and, barge- q 
men’ wages (one: man for each two barges) on a rate of $900 per yr. The 


| 

= 

| 

lost | Fixed food | and | _ | dence 

men’s nance | Total] Per | 

lof jcharge on | re A and year | | e's 

— mit} | tow. | pair | mis- | | mile 

| 

= 

4.7| 138.6 | 1.404 

4.9| 138.6 | 1.333 

20 | 780} 130.8} 7.2. } 32 «| 648 249.1| 138.6 707 

: 

| 510 | 87.6] | | 

4 

— 


Sa 


4 man. Fuel and lubrication costs (Column (8), Table 3(a)) ‘amount to $36 per ie 4 


a day for bulk carriers and $30 to $40 per day for ‘package freighters. ss Table ee 

 3(a) is of no final use in itself but 1 may be used in the process of computing water 3 

_ transportation costs if the necessary load factors are known. Unit costs are b 


costs in Column (9), ‘Table 3(a), are based on n an assumption of $20 to $30 per ne , * | 


Speed in in still water, 8 miles per r hour) 


tons cost xe hic ri- nance in- cella- 
of |charges Wagest axyt ca- uel and ten- ne- 

a tion§| re-_ | dence | ous** 


7.2 | 24 |1085| 738 

| | 29 110.6 
9.9 | 7.5 | 3.3 [139.7] 147.5 


1600 |, g00| 208 24.3 | 4. 0.8 | 28 
2 400 f 950| 262 | 41.9 | 24.3 | 4.5 | 1.0 | 33. 
3200/1100} 316 | 50.6 | 24.3 | 4.5 | 11 | 38 


1600} 800] 208 | 33.3 | 24.3 07 | 252] 65 | 102.9| 64.5 
2400) 950] 262 | 41.9 | 09 | 29.8) 7.7 118.0] 96.8 
3200/1100) 316 | 50.6 24.3 | 1.0 | 34.7) 89 | |134.7 129.0 


3200/1100) 316 | 79.4 | 922.) 1356 


1 
-2400| 950] 262 | 


ig * 300 days in commission. + At $1 350 per yr per min; 18 members in the crew. { At $250 per yr per 
‘Man. 4 At $1.00 per yr perihp. || At $35 per ihp. At $9 per ihp. ** At $3 per ihp. 
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| 

| 
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cost, 
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29.7 108 1199) 737/165 

ethe 
between the total number of ton-miles resulting from one season’s opera- 

© unit and the theoretically possible total movement. Therefore, to 


determine a load factor for a towboat it is first necessary to. determine the total 
~ number of hours during which the towboat t will be in commission. Multiply 
this by the number of tons in a capacity ‘tow and by the still-water speed, in 
miles per hour; the result gives the 
@) BARGES theoretical total t tonnage possible for 
the number of hours during the year 
in which the towboat is in commission. 
~The actual performance will be mea- 
sured by the number of hours the tow- 
PACKAGE FREIGHT = | having been made for terminal and 
mechanical delays and also for chan- 
“nel delays, such as groundings, time 
lost through passing through bridges 
or locks, ete . Another item that 
must be used to reduce the load factor 
for a towboat is the av average loading of 
carriers as compared with the theoret- 
ical capacity load. The final item for 
consideration is the character of thecar- 
go movement, itself; if itis a balanced 
CARGO mov ement no further adjustment 
18 _ 26 30 load factor is required; if the move-— 
Cost,in Mills per Mile 
predominates one direction 


as 


oo 


Load Factor Propelling Units 


—UnitT Costs: oF WATER TRANSPORTATION 


correction must be | made accordingly. 


‘the k load Stan for the ‘operation under consideration. rs It w will be se seen n that a 


very thorough knowledge of operating conditions must bea ave vailable hefore these 
load factors may be determined intelligently. 


In JUSTIFICATION 
dinny, —Many notable ‘papers have b been published i in an attempt t o 


eee justification for n many of the waterwa ay ; projects that have been 
—— undertaken in the United ‘States. Possibly as many contributions have been 
_ made on behalf of rail transports tation . The waterw ay papers have been 
discussed and criticized by railroad advocates, while the point of vi view 
has been argued ¢ against by those favoring the waterways. One would think 
that a all points for both sides of the controversy had been nail time and time | 
again; : that there was nothing more to be said, and that nothing could be gained | 
by prolonging the argument; and yet the strife appears to: continue; Ww aterw ays a 
are accused 0 “robbing” the taxpayer and of. taking traffic aw ay from their 
competitors, w hereas the » wallennde are alleged to be engaged in the nefarious: 
_ practice of reducing r rates W herever water r competition « exists and making up the | 
loss at the expense of their ‘customers located where the adv: rantages of. water 
competition are not available. , & course, this attitude i is understandable when 
it is realized that each side i is attempting to protect its own ‘interests; but the 


rage the lines of better understanding or of con 
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‘ATER TRAN! 


T he main w in ‘the 
Mississippi: Vv Ww ill e cost the United States the rate of about $186 000 
= mile length w hen 


open rivers will be able carry an unlimited tonnage, 

; but the canalized sections will be limited by the rapidity with which the carriers 2 
‘may pass through the locks of highest lift in those sections. . For instance, the 
traffic from the Lower ‘t Mississippi R River and the aecrantd River to and from the 
Upper Mississippi and the Illinois ‘Waterway System will be limited by the 
capacity of the lock on the Mississippi River at Alton, IL; through traffic 


between Chicago and the Valley may not exceed the capacity of the lock at — 
Lockport, Ill., at the “he er — of the Chicago oe Canal; and the capacity | 


S pro] posed, the anita will approximate | hebw een 20 000 000 wail 30 000 000 
per yr, Tespectively . 7 ‘he construction of twin locks at these places would 
et in more than doubling the capacity y of those sections of the waterw ays sat fe ; 


cost which would be comparatively small. 

Ww ay of comparison, it is is understood th that modern railroad construction 
7 costs in the Mississippi Valley va vary between $50 000 and $70 000 per mile of 
single track, and that maintenance of way | and structures cost on the average 
7 of from $2 000 to $3 000. per mile ¢ annually under heavy y traffic. Furthermore, 
_ it is the understanding that the annual traffic ¢ apacity of a single-line railroad 
varies between: 20 000 000 and 30 000 000 tons, depending o on | the | —- of 

freight” whieh pre predominates. It thus. ‘apparent that i 


construction i is much less flexible than is the case with seliseadia construction 4 


without regard to capacity, it costs more to build and to maintain Further- 
‘more, railroad distances between given points a are re generally shorter than those 
by water, which is an additional credit to railroad transportation when con- 
"struction and maintenance costs are under consideration. 
- Conditions vary so much as to terminal operations that it is difficult to draw i 


high; bute since they are likely to ions a hae use vine tor there is probably little 
difference between unit fixed charges. With operating | costs conditions should | 

favo or the railroads because such transfer operations i are Esapraural conducted at 


transfer operations are as the a trafic 
=e Middle West, these transfers are alwa ay s at the cost of the Ww aterw ay carrier. 
This condition is somewhat different from the methods in vogue ate serene 

rail t terminals where such costs: are the carriers. 


ber no further cause for a inland water 
——— have been successfully in in operation for a sufficient ais of time, and > a 


4 
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low and high-water stages which requires a considerable vertical movement of 
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TABLE 5.— COMPARISON» 


for both types of transportation on on operations 
are readily a ascertainable, and actual operating costs for a variety of traffic 
conditions are known. - Why. argument continues along these lines is a question. 
study of on the subject indicates that for railroad 
operation in the Middle West the cost of maintaining equipment plus fuel, 
supplies, a and wages, averages very, close to 4 mills per ton- mile. Interest o1 on ; 
fan _ investment i in equipment and its | depreciation (which are dependent upon the 
load factor w hen unit costs are under consideration) vary from about $0. 0006 
per ton-mile for a load factor of 100% to as much as $0.0015 pe per ton-mile when 
the load factor 1 is 40 per cent. Total unit costs for this range of load d factors, — 
a ‘therefore, lie between $0.0045 and $0. 0055 per ton- -mile. Comparable costs for 
water transportation, as demonstrated previously, are $0.00125 to $0.003 
‘per ton-mile. The latter should be corrected for circuity as the water distances 
are generally longer than those by rail. Between points on the Ohio River this 
/ factor averages about 1 1.4; between Chicago and St. . Louis, it is about 1.2; on the | 


Lows er River, ‘it t approximates 1.5; ‘and up stream from St. Louis the 


Od 


possible to make a a rough comparison to 


: the net cost to the country at large of supporting traffic 
the main inland waterways of the ‘Mississippi Valley. If it is assumed that 

the existing Ww aterway traffic: was carried by railroads serving the s same ‘points 
and allowing a cost of $50 000 per mile for the roadws ay, , @ capital inv investment of 
about $175 000 000 would be involv ed compared with the present cost of the 
water highways | of $550 000 000. The annual traffic to be handled is about. 
5 500 000 000 ton-miles via water routes, the equivalent of about 4 000 000 000 


ee ton- “miles iles by r rail. pa Comparative ¢ costs would then be as shown in nani - it 


WATER 4 | ComMPARIsON Comparison 


_| Trarric CarRiED | ON THE Basis by, 
BY RAILROADS © PRESENT 


SERVING THE SaME WATERWAY — 


J 
| Water cal | Water | Rail | Water 


| 35 

| 


is Basi therefore, ¢ that the country at large is paying more for its trans- 
af ‘portation in the amount of about $22 000 000 per yr on account of the present 
of the main inland waterway routes in the Mississippi V alley. 
ve When improvements s under way 4 are completed these water transportation 


routes could —, accommodate an annual traffic of at least 50 000 000 000 ton- 


a =~ 


aA 


«4 
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ae a enough assembled on the subject so that fairly definite con-_ 

€ 

| 

_ 

= 
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mi les and with: the addition of ‘duplica 
could be doubled. 
present waterw vay projects case the first cost of railroad 
roadway to carry it would be twice the sum given 1 previously) costs involved e 
would approximate those in Table 5(b). In this case the comparison favors 
water transportation. If the v water traffic totaled 35 000 000 000 ton- miles the 


corresponding railroad tc tonnage would be about 25 000 000 000, ‘approximately 
the capacity of a single-line road. Under such conditions the comparison in 
| Table 5(c) would apply. The future tangible economic justification of this 
ey expenditure for waterway deve elopment, therefore, lies in the ability of * 
industry and commerce in the Middle West to to develop and water | 


traffic approximating 35 000 000 ton- miles per yr. 


either rail or water transportation. jae are notoriously a artificial as far ¢ as the 

railroads are concerned and where they are in competition with water they bear 

_‘little relation to the cost of services performed. Water rates, on the other a 
hand, are ‘generally as close below the corresponding rail rates as the traffic w ill ae 

“bear In any e event it is the costs that determine the net direct effect on the Basal 
sadicnl wealth, and it is only when rates become so low as to be destructive of 

“healthy competition or so high as to prevent industrial dev elopment that they 


affect a drain on national resources. 


_ Thef foregoing comparisons of f costs of transportation were intended to to be 
made in a w ay that w vould avoid controversial questions. ons. The rest results show the 


tax on the nation’s genet book of the existing uncompleted — of water- - 


rer rail lines paralleling the w water routes paid fo for by ‘shippers located where oy 
In one respect only are the comparisons incorrect; thati is, with regard to the. 
ee transportation routes tl themselves. _ For the water routes, the total 
costs result from a study of the records of actual expenditures by the Federal 7 
Government since the inception of the projects. These costs, therefore, are not | 
_Teplacement costs, but the accumulation of expenditures from sporadic ap- 
propriations made over a long ; period of years, a substantial proportion n of which 
has” been undoubtedly wasted | by reason of the uncompleted nature of the 
construction works. For the rail routes replacement costs are used and, 7 
- therefore, they make no allowance for wasteful expenditures of the past which —__ 
are the e experience of many great enterprises. There is no accurate method of = 


arriving ata replacement cost of the waterway system; nor is there any way of 


telling how much has been spent to bring any given part of the railroad system 7 
of the country to its present efficiency and condition. in n this respect, when 


of public improvements as involved in the of water- 
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s- routes costs the nation approximately $22 000 000 per yr, the rail carriers are 4 4 = 
nt givenasubstantial advantage, 


THE VALUE AN ATION 
to t take as broad a point of view as possible, The investigator is concerned 
neither with the immediate effect on small communities nor with individual 

: enterprises. _ Water carriers as well as rail carriers are only a means t to an end, $ 
and that end is best expressed by the s statement that the people still are engaged 


At Another point to be kept i in mind i is that most of the > construction equestions 


in connection with the improvement of these routes have been c completed and 
the expenditures already made. The sum of $550 000 000 has been expended, — 


Ary 500 miles of channel finished, and about. $100 000 000 will be required to 
complete the remaining 1000 miles of channel to project dimensions. Argu-| 
ments as to the wisdom of works already completed ar are somew hat academic as 

the money expended cannot be recovered without putting these projects to 
- work. It would seem more to the point for all concerned to join efforts. to 
insure as large a. a return on the prev ious investment as possible, w hether it w was 
‘There is little question» but that the old ‘ ‘packet”’ boat was a controlling 


3 influence i in the formation and growth of the ‘‘plan” for the Middle W est. As 


a result, this ‘ ‘plan a . based on the great 1 rivers, and as. ‘many as have been : 


perpetuation as any 


7A 


, All the great nations of the world have been dev dene on the premise that - 
the sea is the base of the system of transportation » The world Ports : achieved — 
their pre-eminence because they served as focal points for the lines of trans- 
portation to the interior and as gatews ays for commerce over the free routes of 
the high seas to domestic as well as foreign destinations. The controlling. 
elements in this situation are: (1) That ocean transport was, and still i is, cheaper 


land and (2)—wh hich i is of greater — 


of its great rivers even at some “expense, if “principle 

involved i is identical. — In the writer’ S opinion the price of about s $22 000 000 per 

yr is a small one for this country to pay if, in making this investment, it 
accomplishes the multiple purpose of salvaging large expenditures made i 
previous years, of preventing a violent readjustment in the distribution 
- industries and population, and of. preserving a group of n minor “sea bases” 

located on a a secondary ¢ coast line 7 7 000 miles in n length. 7 
7 a here i is : another important set of intangible values involved i in this question 
which ca ean be emphasized to best advantage by quoting a short of 
statement? by the late C. Grunsky, Am. Soe. 


the author [the late William Murray Black, M. 
Am. Soc. C. E.] presents the conclusion that a new waterway line of a 


ee should not be established unless the need for it can be show n and 
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commerce and industry, the fundamental elements of that “plan’”’ 
that plan” has sufficient merit to justify it 
| 

that the 
an By elose analogy the interior of a great country may be developed to best © 
q 
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7 


unless ‘if ‘established, ‘it will produce an annual ; saving | in the cost of trans- 
portation greater than the interest on construction plus maintenance and 
operating costs.’ There is another element which should sometimes be con- ; 
sidered when the advisability of such a line of transportation is being studied, - 
and by virtue of which many a project may be found advisable, despite the 
~ faet that it cannot, perhaps, for many years in the future, produce revenue to | 
- meet in full the interest charges against it. This element is the project’s 
contribution to general prosperity as measured | in terms of population, of 
husiness, and of property values . It becomes a factor because the expenditure 
™ funds in its construction, and the utilization of the facilities which it provides 
~vien it is completed, bring i increase of population; and to the extent that the 
gr-wth in population of the zone coming under the influence of the improve- 
“ment is thus accelerated, to the same extent will land values increase and 
wealth be created, which may fairly be weighed against the cost of the improve- 
ment when the advisability thereof is under consideration. Society, in other 
words, may reap material advantage from many an enterprise that would be — 
condemned by the stockholder W ho Ww only the the service against 


the revenue.” 


‘The application of the principle stressed i in this quotation tot the advisability | 
pleting and utilizing | the 1e main w Ww ater-transportation routes s of the 


lississippi V ‘alley should not encounter serious is opposition. 
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THE HIGH COST OF INLAND WATER > 
TRANSPORTATION 

By S. Wonson, 3M. AM. Soc EL 


e to ‘its historical background, water transportation in 

years, impressed i itself strongly in the national conscious- 

| After the decline of river ' traffic, following the fixation of traffic routes: 
the development of railw ays, having certain elements of inherent st superiority 


ng ins satisfying traffic needs, this early i impression resulted i ina public demand i 


continuing development ofr river transportation at public expense. 
demand was largely based upon the supposed necessity of waterw ays sto 


supplement inadequate facilities of the1 railways and to act as regulators of their 


Faben and practices. Under present and foreseeable future ‘conditions, these 


‘Teasons have lost such validity as they may have had, and the “a 


now ow rests upon the tent of economy of water rail transportation, 
“taking into account all elements 0 of cost. 
: | The rivers s of the Valley are not of the class of Ww waterways freely 1 nav vigable 
a state of Nature; they require large « expenditures | for channel improvement. 
_ The major elements in the cost to the p public of transportation on ‘these rivers 
are: The annual charges pertaining to Federal expenditures for improvement, 
and the service charges of the river carriers. Certain other elements of cost, 
such as those e pertaining to bridges and and rive iver terminal terminals, are not now known i in 


_ When the two major elements are reduced to a ton- mile —- for compari- 
n Wl ith the total cost: to the public | of rail transpor om, © whieh i is closely 


SO 
: 
known wn, it ‘is found that they generally exceed the latter, in n many cases to a 
Resend degree, and that any impression as lea ‘superior economy of river trans- 


_INTR ODUCTION © 


‘The question of waterway for transportation purposes, 


particularly in in the great interior basins of the United States, has been long and 
. actively discussed, before this Society and elsewhere, and it would : appear that 


_ every pertinent v iewpoint has been adequately coved, _ The continued activ- 

_ ity of the question, however, would seem to indicate that a realistic appraisal, 

from the of the public interest, has not yet acquired general accept- 
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ance, and that river improvement for transportation purposes has been a nd is 
__ being over-emphasized, to the detriment. of the primary function of these 


é 


streams , namely, that of drainage channels. © 


| ‘The rivers of the Mississippi Basin exercised an essential function in the a 
national lif life from the time of the first explorers i in the Sixteenth Century, through - _ 
the y years rs of the ] pioneers ‘and settlers, and well into the period of settled trade 
‘and commerce that. opened with the Nineteenth Century. As long as ‘the 
muscles of men and animals w ‘ere e the ¢ only m motive ] power available, river trans- 


; portation held an inherent superiority in efficiency over any form of land 


Consequently, there were impressed into the national consciousness certain 
feelings a s to the superiority and virtue of river transportation as such, and as = 
to the necessity of its continuance, in the future as in the past, as an essential — 

part of the national life. ‘ti is a characteristic of such general i impressions, upon 
other subjects as well as s this, to persist f for some time after their factual basis © 
has passed, and to be evidenced, in discussion of the particular subject, by em- 


a upon the emotional, rather than the realistic, viewpoint. _ The! Mississippi | 
Valley Committee of the Federal Public W orks Administration, fc for example, 


"writes of the waterways in the V alley, ‘ ‘they, have a romantic and traditional 

interest which cannot be > disregarded.” 


DECLINE OF THE Rivers ¥ 


Th The funetion of the railroads s as s freight carriers did not immediately 


up their first construction. Like the first river steamboats, the first railroads 
were primarily passenger « carriers. An 1 examination of the railroad map of 1840 7 
Ww ‘ill disclose the complementary relation of the. early railroads to the waterways. 
West of the Alleghenies the first railroads were mostly short lines running to t 
the Great Lakes and to various rivers. _ The: same situation is marked on —_— 
railroad map of 1850 . The map of 1860 shows a different picture. shift 


. of traffic from river to rail had begun, following the great change in direction of 2 4 | 
traffic initiated by the opening of the Erie Canal. The growth of the country, 

was such, ever, that neither of these causes produced an immediate decline 
i 7 ‘in Mississippi River commerce; the year 1860, for example, exceeded all previous — i 


on records i in number of steamboat arrivals and of goods received by river 
| Professor Frank H. Dixon cites? two causes, of rail competition, 
I for the r: rapid decline in Mississippi traffic after 1860: (a) The Civil War, which | 
| — the lower river to commerce for several years; ‘and (b) conditions at the - 
mouth of the river which, after the introduction of steam navigation, seriously 
obstructed the access of ocean carriers to the Port of New Orleans, and which ks. 
ere not remedied until the completion of the Eads jettiesin 1877. 


5‘*A Traffic History of the Mississippi River System,” by Frank Haigh Bye, Document No. | ; a 
National Waterways Govt. Printing Office, Washington, D. 


4 


Rept., Mississippi Val. Committee, PWA, October 1,1934,p.4. a 
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offer, ‘some of the natural of the rivers of the Valley as s transports. 
— 
tion routes may be mentioned as: al 


_ (1) Rigidity of location, preventing a universal and flexible service, requiring - 


re use of land transportation to serve interior points and involving additional time | 7 


(2) Inn many cases the river courses lie across, rather than along, the ee aa 7 


‘currents of traffic mov ement; 


en given points; 


(4) ‘Channel imposing upon speed of ‘movement a and 
f —e use of economical types of craft, and only to be partly remedied by large 


of northern w waterws ays the winter, en, 
‘The rail carriers, in turn, , held an inherent superiority over the rivers in 


. transportation | efficiency. This situation seems not to have been as clear prior 
to 1870 as it is in t. P makes the interesting statement 


| 


«<* * * one of the causes assigned for the building of cars by shippers was the 
fear of the railways that the restoration of river business after the war would 


have such a serious effect upon their business that it would be unwise for them — 
to the necessary outlay themselves.” 
~The shift of ‘traffic from river to rail, and the rapid grow th of the country 
“va and of its transpor tation needs after the Civil War, caused the railroad plant — 
_ to be overtaxed at times and the situation of the waterways from the viewpoint 
of the public interest became the concern of ° ‘various official committees and — 
- commissions, as well a as of many priv rate organizations and individuals. All 
these bodies k based the need for inland waterwé ay transportation upon the peri- 
odie inadequacy of | the railroad | “plant as then functioning, and the national 
for supplementary and additional transportation facilities. 
The sudden and large increase in the nation’s commerce and transportation — 
: needs during - the World ‘War ag again taxed the railroad p plant to its limit, and, 
together 1 with the taking over, by the United States, of transportation on certain 
. aterways in 1918, apparently contributed to the feeling that land transporta-_ 


tion could: not be considered adequate for the nation’s ; needs; that it must be 


Re pc Pati the march of ev ents and the | passing of an era came to discount the cor- 


-rectness of this conclusion, emphasis seems to have shifted to a superior r economy 
aimed forts inland waterway transportation, 
Economy oF River TRANSPOR! ATION | 

From the viewpoint of economy, waterways fall at once into two distinct 
_ classes: F First, the oceans, the — and deep estuaries of great rivers, and certain 
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great: lakes (including, in some cases short connecting channels); 


and second, rivers, such as the rivers of the Mississippi Basin, 1 which h have | the | 

natural disadvantages previously y mentioned and w which require large expendi- 

tures to permit navigation by a restricted type of craft. _W aterways » of the 


first class no great limitation efficient and of 


form 
‘the view point of transportation no can follow from 
one class of waterws ay to . the other, unless there be considered and included the 
cost of creating and nd preserving such conditions of the rivers as upon on 
Of the total costs of river improvement. only a part is recorded so as to fal 
- available, namely, that part 1 representing the direct t expenditures of the United 
and, , in some eases, of political subdivisions. Substantial additional 


of land transportation. 


‘railroad combine to up the true te n total. 


finding as to the various true cost to public i 


Ww ay y Engineering in 1935° is stated in 1935 report of 


Committee of the Engineering-Economics and Finance Division on Principles 


Control Governmental Expenditures for Public Works.” 

Rivers” AS LATORS RS OF THE RAILROADS” 


“Accompanying the thought that Ww aterw ay development is “necessary to 
provide additional transportation facilities, has been the view point that im- 
proved waterwa ays are natural competitors of the railroads and effective regula-_ z 
tors of their rates. This theory was advanced as early as 1874 by the Windom 


Select Committee on Transportation Routes to the Seaboard of the | United 
States Senate. The more clear- sighted commentators, however, er, have recog- 


nized the fallacy of this view 


In 1909, Professor Dixon that “if the ‘purpose is to reduce railway 
rates, there are more direct and less costly methods of accomplishing this | a 
“sult.” ai Ini its first report of of 1910, the National W aterw ays Commission pointed 
out that expenditures 01 on waterw ay improvement for the pu purpose of regulating 
railroads or reducing rates were not justified by either reason or experience. ‘, 


The scope « of railroad regulation has been so extended and strengthened i in 
ical years as to justify the conclusion of these two authorities. ‘The subject: ’ 
is treated by t the National Tr ansportation Committee, Ww hich, in its report of 
(1933 to the President, states, in part: 


: ineffective do pede = Ww hat Government has n its 


do do directly. Regulation is sufficient.” 


Regulation of the railroads ‘“‘has been practiced long enough and sufficiently 7 
extended to prove that it dominates competition or any other influence as the 


oq Proceedings, A. R. E. A., Vol. 36 (1935) p. 238; also, Bulletin 371 
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for transfer at intermediate points. s. Under an equality of conditions the relative 
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governing law of practice. the the monopoly a 
in the railroad franchise was a menace, it is of the utmost importance to recog-— ( 
a 6 nize that current railroad regulation safely controls it.” 


“Tea so far as gov vernment p av, ee 


olicies have been designed, by Federal interven- 


Tr 


Inv view of the foregoing, an attempt, to. appraise the « of ‘the 
"situation may be in order. The public necessity Tequires a satisfactory trans- 
‘portation service. Asi satisfactory service is one! that is, to the highest practicable 
degree, adequate, efficient, and economical. Although these characteristics: 
_ are more or less interdependent, they may be commented 1 upon separately. - 

7 There s seems to be ; general agreement that the railroad plant is adequate for. 
the transportation needs it is called upon to meet and that it will continue to be — 
0 for some time to come. _ The 1 total revenue freight transported by Class T 
“| rail carriers of the United States in 1929 and 1935, is shown in Table 6, Columns | 4 
an (2) and (3). _ The transportation performance ¢ of the major rivers of the Missis 
Basin—the Ohio, Missouri, and Mississippi—covering river traffic 
s: _ tween Pittsburgh, Pa., Minneapolis, Minn., Sioux City, Iowa, and New Orleans, | 


in 1935 was as shown for comparison ‘in Column ( (4) , Table 6; the figures for 


waterways include materials used i in river improvement w vork 9 as well as ma-— 


TABLE 6.—COoMPARISON OF REVENUE F REIGHT TRANSPORTED 


Millions of ton-miles . 447 322 282 037 5 


a - a broad sense, the railroads serving the Valley have a reserve capacity : at. 
least proportionately equal to ‘that t of the tailroads of the United States. 
- Considering that the railroad plant 1 was not overtaxed in 1929, and that its 
productive efficiency has been increasing and will continue to increase, it \ would 
appear that the construction, maintenance, and operation of w aterways | in the 
Vv alley i is no longer justified 1 upon the broad ground that other agencies of trans- 
portation are, or will be, inadequate in capacity t to serve the public need, = 
From. the ‘viewpoint of efficiency, the rail carriers have certain or 


a ° ‘natural advantages, such as a superior universality and flexibility of service, 
_and the power to render continuous transportation ¥ without delay or expense 


> 


* a of two or more i of transportation service will be clearly revealed 


ntages or r disadvantages, a as well 
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as 4s any superior or inferior Hee of management, and are more or less as sade 
(1) Substantial equality i in respect of of beneficial, Testrictive, or punitive legisla- 


_ Under such conditions there i is little doubt as to te he direction in which the 
verdict of public use would point. » Mei is well known, however, that such equal- - 
ity of conditions does not now exist. _ The rail carriers are ‘subject to a great — 
of restrictive legislation and regulation, originally purporting to be i in the 
public interest | and now considered | by n many to extend far into the field of 
management. On the other hand, the river carriers are | largely free to pursue. 
such policies and p practices as may seem to them appropriate, and are further 
enabled, by acts of Government, to offer enews se ervice for a charge which does’ 
the users of 
under the present of the superior efficiency 
rail transportation, based both upon its natural advantages and also upon alert -_ 
and | progressive management within the limits imposed by regulation, is : gen- ; 
erally conceded. l. Definite expression of this judgment r may be found in volum-— 
_inous shipper testimony before the Interstate Commerce Commission i in one 


= 


ar 


RELATIVE Costs 


“The third major requisite of transportation is that ith be economical. Econ- 


omy is necessarily relative, and certain approximately known n elements of al a 
of river and rail transportation may properly be compared. 2” 
- Broadly, the total cost of rail transportation to ) the public may be einaiien ea 
by the charge f for the service, the freight revenue. I In 1935 the average charge, . 
or revenue, per per ton- mile of revenue freight transported by the Class I rail car- 
riers of the United States was 9.9 mills, of which 0.7 mill was directly refunded 
to the public in the form of taxes, thus reducing the ay average t¢ total charge to 9.2 
“mills: per tone-mile. . Substantially. these figures apply to the railroads serving 
the Valley. _ _ For convenience, the rounded junit of 1% per ton- on-mile may 
be kept in ‘mind as the outside total cost to the r public of rail transportation. 
_ The rivers of the Valley are of that class of waterways requiring large ex- 
penditures for navigation, and these expenditures do not appear in the accounts 
of the river ver carriers. N either the costs of these carriers nor their | charges for 
_ service are a measure of the total cost to the public of transportation on these | 
rivers. This s total cost includes at least the following elements: (1) Expendi- | 7 
fe upon river improvement for purposes of navigation (a) by the United | 
‘States; (0) by States and political subdivisions; and incidental costs to 
public private interests; (2) public expenditese on river terminals; and (3) 
service charges or costs of river carriers. 


puss 
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EXPENDITURES BY THE FEDERAL GOVERNMENT 


‘The portion of river transportation cost paid by the Federal alii. 
when reduced to the ton-mile unit, differs w idely as between the rivers of the 
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major riv ‘Ohio, = the Missouri, ‘aa the Lowe er 
‘Mississippi, and for a few of the tributaries. _ The data” are derived from the 
Annual Reports of the Chief of E ngineers, U.S. Ar my, and are for the year . 1935. 
which is the latest which ‘ton- deta available. Interest at 3} 27 
and current maintenance costs are used, and no allowance is made for amortiza- 
tion. Pes produce unit costs comparable with those of rail carriage, a circuity 
factor i is - used, representing the excess of river distance: over rail — 
In order t that the discussion | may include ev ever fay le 
‘river transportation, a number of findings are from the the 
Mississippi Valley Committee of the Public W orks” Administration, , which | 
seems to be the latest comprehensiv e and independent study of the subject. 
This Committee, ‘stated by the Administration to be ‘‘a group. of the nation 
leading scientists and ‘technicians, ” devoted a year the preparation of | a 
report. upon the use and control of wa ater in the Mississippi Basin, which was 
made pt public in December, 1934. i The membership of the Committee included 
the Chief of of E ngineers, U. | Ss. Army, and its attitude was one wholly sympathetic 
with river» values. in considering the following data it ‘should be remembered 
experiment; it is older 
than rail transportation—as old as commerce in the V alley. — 
Ohio River. —During the “period of the Rev volution considerable trade 
veloped between Ohio River settlements and New Orleans and via New Orleans 
to the Atlantic seaboard. A regular packet serv ice of keel- boats was established ; 
on the river in 1794. _ The course of the river is largely parallel to the main 
_ currents of traffic; it flows through a section highly’ industrialized for many + 
and it in w are found i in great 


these orable factors 5 F ederal expenditures on the Ohio 


River amount to 5.5 mills per ton-mile of river traffic. To make the total cost. 
as low as the total for rail transportation would require ‘that all the other costs 

3 of river transport tation | previously mentioned aggregate not more than 3.7 mills 


“per ton-mile. It. seems improbable that such is the case. bo 


- The Monongahela River should be mentioned as a case exceptionally favor- 

able t to low -cost river carriage. tonnage, but not its ton- has been 
larger than that of the Ohio; in 1935 it was about 86% of the latter. ~ Disregard- 
ing circuity, which is slight, the Federal contribution to ) cost of transportation 


on this river is 1.3 mills per ton- — 857% of the tonnage is coal, moved down 


stream from mines along the river. 


. of If it be asked, what interests | _ benefited fr from the expenditure of : about 


$185 000 000 of Federal ; money on the Ohio | alone, the Mississippi Valley Com-_ 


of the U. 8. Public Works Administration answers: 


Private coal and steel transport more_ 


«4 Practically all of this traffic is is handled by private carriers who pay no tolls. 


ue In other words, under present policy, the construction costs and the operation 


ae and maintenance costs of navigation projects are at Federal expense, and no 
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part t of either of these costs is dimeetiy returned to the Gen ernment. oe Com: . 


Mississ 


ascended to Fort Snelling. 1 near in 1813. 
active settlement in the Northwest, beginning about 1845, the river poe a 
considerable commerce. — _ Following the extension of railroads into the T rans- 
‘Mississippi r region, traffic left the x river r rapidly because of its natural disabilities, 

such as the condition of the channel, its closure during the the winter, and chiefly 
its | location across the direction of traffic. ; 


a he contribution of the Federal taxpay ers to the cost , of river transportation 


on the main stem between Minneapolis and the mouth of the Ohio i is 2 2 cts per 
ton- and maintenance alone amounts to 0. 6 et per ton- -mile. One- quarter 


‘iT he Committee finds that as : of June, 1934, ‘expenditures on the Up pper 
‘Mississippi Sy stem, , plus e expenditures required to complete the present: project, — 
exceed $217 000 000, exclusive: of $40 000 000 for maintenance and operation; 
the Committee remarks: 


“Itis not possible by any calculations « of business ‘accounting to o discover an 
— justification for the vast expenditures on the projected improvement 

_ of these waterways; especially from the prevailing viewpoint of self-liquidation, — 
but also even from the ¥ view asad of complete coverage a cost of maintenance = 


a, Missouri R River.— -Although th the first steamboat a ascended the ] Missouri I River by 7 
in ‘1819, its commerce has always been relatively insignificant. me natural 
channel conditions are particularly unfavorable for navigation and its location | 
up stream { from ] Kansas City is equally unfavorable for the needs « of traffic a 
Disregs varding cireuity and any expenditure on the Fort Peck ‘project, the 
cost to the F ederal taxpayers of river transportation betw een Sioux City and 
the mouth i is 22 cts per ton- mile of total tonnage : and the maintenance cost alone 


is 4 ets p per ton-mile. 7 In 1929, more than ee of the total tonnage ge was material 


“large”; 
total tonnage. 


to 1 ct per ton- mile, the characterization may be pronounced conservative. | 
AS to the possibility that Missouri River traffic will ever be s such as to i 


“this expenditure, or any substantial part of it, the Committee comments: 

‘Assuming that the more optimistic estimates of future traffic on the river 

Ww iN be realized, the savings to shippers which would result from free operation of 

_ the waterway would exceed by only a small margin the annual charge to be 
borne by the public for maintenance and interest on the investment. — we 
Most current estimates of prospective tonnage are exceedingly liberal, and if 
_ the present traffic on the section below Kansas a may ad accepted as in any 
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degree indctive of future prospects, the probability a estimates ever 

eing realized, even on a free waterwa , is very slight.” wet i aol 

complete the picture, it should be mentioned that the construction period 
the project has produced considerable business for the constructors, 
producers of n materials, and the transportation agencies, including the 


_ As to the tributaries of the Missouri, the Committee | finds that for the 5-y1 S-yr ; 


“period, 1928-1932, excluding non- -recurring tonnage for construction of the 


phe 


- Bagnell Dam, river traffic on the Osage cost the Government $3.50 per ton- mile 
Mississippi River, Cairo, Iil., to New tim, La. —On the Mississippi 
-- ie three great branches one would expect to find, if at all, the great national 


; waterway, carrying a large volume of traffic at a cost less than oe a 


range of cost by land. sg are the efacts? 


= 


3 $417 000 000, of which a relatively all amount pertains to the river pe y 


Cairo, Ill. The 1935 maintenance was $5 177 000. _ In recent years these 


os ‘figures include expenditures for flood control which are not “segregated from 
a expenditures for navigation. _ However, the Committee finds that the cost of 
- improving tl this section of the river (Cairo 1 to New Orleans) for navigation, in- - 
iin the amount a appropriated for this p purpose . under the Flood Control Act 


of 1928, may be estimated conservatively as $190 000 000 and that the average _ 


Beis The Committee also finds that the nun annual traffic for the 5-yr period, 
de exclusive of material used in Government work a and of the coastwise — | 
and foreign traffie below. Baton Rouge, La. , was about 1681000000 ton- 
A miles” and that, after allowing for circuity, the total Government subsidy - 
provided to shippers by river would be about 9 mills per ton- mile. 
:  Disregarding an} any expenditures, subsequent to those considered by the Com- 


y. mittee, a similar calculation for the ton-mileage of 1935 shows a subsidy of 7. 2 


es The addition of costs pertaining to river terminals and the costs or service 

_ charges of river carriers will obviously produce a total ton- -mile cost on _ -_ 
section of the river greater than that of rail haul. 


Committee comments that “‘the matter seems to merit more thorough 


‘comprehensive consideration than it previously has received. 


4 Tributaries of the Lower Mi -—These present picture 


on the more important the dominant total Federal 
subsidy per ton-mile, and that part of the subsidy represented by the year’s 
maintenance cost. Cireuity is disregarded. 

Major Rivers Consolidated. —More broadly comparable with the substantially 
uniform unit cost of rail transportation, is the consolidated Federal subsidy to 
transportation on the aforementioned four major rivers. 7 . For the year 1935, 


the annual 1 charge pertaining to Government expenditures on _ these rivers is 
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TABLE Te —Dominant TONNAGE A: AND FEDERAL SUBSIDIES, 0 ON TRIBUTARIES 
OF THE LOWER River 


4 


Character of tonnage in cents per |  only,in 
a | ton-mile 


Ouachita and Black............. 36% logs, grav vel, and riprap 
Yazoo and Big Sunflower......... | 45% sand, gravel, and logs 13.3 


$29 000 000 or, allowing fr ‘cireuity, 10. 1 mills pe per ton-mile. of mercial riv ven 


“trafic, 
EXPENDITURES 


of From time to time States and agencies of the States have made considerable 
_ expenditures on improvement o of waterways iI in the Valley. In the case of 
-highwa ay , and railroad bridges o over these waterw ways, the additional expenditures 
necessary to provide the type of structure and the horizontal and vertical 
"clearances: imposed i in the interest of navigation have been considerable, and 
there is a a continuing element of cost in lifting traffic to the elevation of many 


“fixed number of cities ‘in the Mississippi Valley have provided 


these expenditures have not been idimaied to the municipal taxpayers in all 


At present, ‘there a appears to no compila- 
tion of these other expenditures on any of the major waterways of the Valley. 


Although the total would doubtless i increase, perceptibly, the e unit ¢ cost of river 
transportation derived from the cost of channel improvement, it is probably 


small in in comparison w with Federal expenditures. - 
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The, ee W aterways ays Corporation, owned and controlled by by the United ; 


presumably an approximate measure of that part of the ooat of river transporta- 
tion _Tepresented by | the necessary ¢ charge for carrier service. In (1935, this 


| freight revenue was 3.85 mills per ton- mile. 
* It appears, therefore, that 3. 5 or perhaps 4 mills per ton-mile should be 
added t to the costs previously 1 mentioned as representing the hhecessary 
of the common carrier or by 1 river. The costs of private . and contract carriers wll 
doubtless less, although the cost of private terminals should be included; but, 
under ' present conditions, the provision at public expense of a me waterway to 
these carriers seems open to serious q question. 
Again, the circuity factor should be applied to the ton-mile cost or ‘revenue 
of the river carrier, in order to make it comparable with the « cost of rail trans- 
On the Lowe er for example, the two factors—F ederal 
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common carrier a ton- rile cnt the 


ak of be feasibility of common-carrier traffic on the: river 
the use ot private capital should include the experience of barge lines operating 
between St. Louis, » Mo. and New r Orleans, from 1875 and 1903, as given by 


The equipment appears to have been up to to date for or the time. The barges 
a capacity « of from 50 000 to 60 000 bushels of grain n and the lines. ed 
merchandise as W ell. Fu uel as carried for the round trip and prompt 
and reliable se shedules were planned. Ones shipment i in 1880 included: 6 757 bbl 
Z of flour, meal, and grits; 6 710 sacks of corn, oats, and bran; 1 500 packages of 


meat and lard; 150 bales of hay; and : 24 992 bushels of bulk ¢ corn. Ini 1887, four 


_ lines were operating 16 towboats and 120 barges and were later consolidated 


into one company. = 


a Fort the seventeen y rears, | 1887 to 1903, inclusive, the published rates on grain 
from St. Louis to ) Liverpool, England, ier river via New Orleans, 1 were from 5 to 


7 9 cts per bushel | el than those via rail to 0 New York, N. Y., and, in the latter 


“bulk grain by 1 river a decline after 1890, poy by 1903, the barge 
_ lines seem to have passed out of th the picture e as an unprofitable investment. 7 
At present, grain is not an important part of river tonnage . In 1985, after 4 
eliminating the tonnage in foreign and coastwise commerce on the jower river a 7 
Ww vheat, corn, ‘Tice, and all other grains form the following percentages of the 


total tonnage: Ohio, 0. 05; Upper Mississippi, 4 ; Missouri, 0.8; ‘and | Lower 


INTANGIBLES 


The suggestion is sometimes made, and at first glance appears pertinent, | 
that consideration | of expenditures that have already been made on the water- 2 
ways is ‘‘academic,” apparently using the term in a somewhat disparaging sens 
In effect, how ever, this suggestion is the same as stating that present and ei 
action qr ignore the « experience of the past. 
It is 8 also suggested, at first st with apparent ; force, that a although the existing 
‘investment in waterw ays may not have been wholly wise, this investment 
should be preserved or “ “salvaged” by ‘providing for its continued use. It is 
—_— admitted that the United States has a very great surplus of transpor 
“tation facilities. x In so far ¢ as transportation efficiency is in the public. interest, : 
- ‘the use of, a and the addition to, the less « s efficient ; agency isa drain u upon the. a 
tion’s resources and a check upon its total ‘productivity. . The real | present 
: - question is not as to the salvage of an investment; it is as to the preference pier ro 


the smaller an and less efficiently ‘functioning investment ov er the larger and 


more efficient, 


7 - No agency | of transportation, rail, water, or any other, regardless of ‘canes 
‘ment, should be preserved and fostered because of its past 


From the viewpoint of past however, whatever it may be con-_ 
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AY nation with our territorial extent, od, and vital de- 
‘online of one section upon another, is unique. It has been made possible ~ 
only by an elaborate and adequately ‘supported railroad system. Therefore, — 
any move, however desirable it may be in itself, which unduly infringes upon 
the serviceability of railroads, is to be deprecated.” es 


SUMMARY 


Considerations of “romance and tradition,” ” the emotional ‘viewpoint, ale 
though b based upon an essential part in the national life formerly played by the | 
w waterways of the Mississippi Valley, | is no longer a sound basis for expenditures — 
Upon the improvement and maintenance of these waterway ays for transportation 
purposes. The justification | of these expenditures 1 in the public interest has 


_ been based upon the supposed. necessity of transportation facilities additional 


and supplementary to an inadequate capacity of the rail carriers, and also upon . 
the assumed necessity ¢ of improved 1 rivers as competitors « of the railroads and 
~ regulators 0 of their rates. These e considerations n may or may ‘not have been valid 

in the past.  - o-day, they are no longer relevant; the public interest: As based 

upon the relative economy of such available agencies of transportation as are 

capable of rendering: a satisfactory service. 


The total unit cost of river transportation in the Valley, including that me. if 


of rail transportation. 


the e cost p paid by the taxpay ers, | is, in n general, greater than the ‘total unit cost 
improvement paid for from the National Treasury tend to accrue, not to the 


nation as ; a whole, but to special or localized industries and localities. ae 
The nation’s credit is of the highest and is expected to remain so. _ Conse- 
quently, public expenditures will have to be repaid, with interest, by taxation. 


Expenditures w hich are an exercise of a power of Government, rather than “a 
_- exercise of one of its basic and essential functions, should Test upon a basis of 

economic justification. Otherwise, they constitute a levy upon the nation 


total consumption of goods : and serv ices. 


aT 
SIONS 


‘The sestivation of the foregoing to the matter of w aterway improvement in " 
the Valley w ould appear to prompt | some 8 such suggestions as the following: 7 


dd) Projects upon w hich the cost lt F ederal 1 maintenance exceeds the | cost of 7 
using other transportation facilities, should, if such other facilities are available — 
and adequate, be retired forthwith, or be ‘turned over to such local interests 


as may be able to operate and maintain them on an economic basis. 


cost of using other available facilities should, in justice to the taxpayers v who 


provided and now ow support them, carry such service charges to the users as may | 
be equitabl h individual 
be equitable in each individual case. 


(3) Additional expenditures should not be made except upon a basis of 


economic justification; a definite showing, after consideration of all costs 
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d a realistic appraisal of traffic to be expected, that a satisfactory 
transportation service will be produced at a total cost less than that of existing 
agencies. 


In the words of the Mississippi Valley Committee: : 


“Tt is believed that this phase of the subject has in some instances in the 


past been too lightly considered—if considered at all. Economic justification 
should be definitely established early in the study of any proposed river or canal 
improvement.” 
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‘MEASUREMENT OF DEBRIS-LADEN STREAM 


a 


FLOW WITH CRITICAL-DEPTH FLUMES 


By H. . G. WILM," Esq, JOHN: S. CorToN,? EsQ., 


STOREY,’ Esq. 


— 


Sy NOPSIS 


ub 


| 
: Heavy burdens of e1 erosion débris i in streams 1s of of the 8 San Dimas E xperimental 
Fo orest, in California, have been found to cause substantial errors in measure-_ 


ments of. discharge at some of the gaging stations.  S$tream- flow records are 
kept ata number of points ‘throughout the Experimental Forest. Further- 
| more, there are two sets of triplicate water-sheds, each shed having an area 


somew vhat less than 100 acres, immediately below each of whi ch i is located a : 
Parshall flume, a V-notch weir, a small reserv oir, per flat- crested weir ‘over 


The flow from these water- sheds i is first ‘oo 
ured through ¢ either the Parshall flumes or V-notch weirs, according to the 


‘the dam forming the reservoir. 


Its débris content can then be measured i in ceed reservoir, and 
the clear water can n be measured as it | passes over the flat- crested weir roft the dam. 


ei ‘However, there are numerous other: points on the water- sheds below which 


the entire dependence is placed on the Parshall flumes or V- notch weirs” 
Due to the presence of large quantities of 
eroded material in all heavy f flows, the results at these e points | have been some-_ 


what erratic . Th his Ww as due largely: to deposition of f débris on on the level approach ; 


( 
4 
‘volume of flow. 


to the throats the Parshall flumes duting falling st stages of the 
{ - to the filling of gia weir boxes with silt w w hich s soon put the ‘V-notch weirs 


“out of ¢ commission.’ 
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DE&BRIS- LADEN | ‘STREAM Flow 


Project. Leader, of the California Forest and Range Station (United 
Forest Service). The objective was to improve the present gaging 
stations so that they would ‘yield reasonably accurate results with bed- load 
material present in the ‘stream measured. Included i in the study w were also 


+45 
4 


he California Forest and Range Experiment ‘Station an 


‘program « of investigations for the purpose of solving problems: con- 
cerning the inter-relationship of mountain vegetation ai and water, with the ob- . 
festive of developing methods of water-shed management which should. provide. 
a maximum yield of usable water with a minimum of soilerosion. These studies 4 


re 


e largely concentrated in the San Dimas Experimental Forest , a chaparral- ‘ 


2 _ covered mountain area of 17 000 acres in the San Gabriel Mountains, approsi: 


mately 30 miles east of Los Angeles, Calif. 


Pe et connection with studies of other phases ¢ of the sahdivaase analyses have 
en made of rainfall-run-off ratios in seventeen drainage basins of various — 
‘pene Rainfall ¢ averages for these water-sheds, obtained by means of a system of — 
a nearly 400 standard rain gages and | 15 ) intensity gages, are known to be accurate 7 
ion within 5 to 10% for the large areas, and from 3 to 5% for the small, intensively 
ae “studied water-sheds. To date, however, stream- \-flow records have been of 
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‘best existing practice. 


flume i in silt- laden flows. In ‘each case a Parshall flume,' ‘ of throat, 


of the seventeen gaging completed at present (1937). were 


: been designed previous to this time, which would operate ¢ as well as the Parshall a 


(To the writers’ knowledge, no control flume or weir had 


prove their efficiency i in mensaring sil rising floor section | 


stream from the (see Fig. 1) was by. a downward 


ome to fill weir boxes ee and to build up a deposit o on the flume floors 20 Beth: 


that they n no longer functioned as critical depth meters. Iti is believed that the - mM, 4 
flumes should still measure large flows with reasonable accuracy, as the effect 


of bed load would constitute a much smaller percentage of the total flow; i 


a as s the Stations stand at present they fail to give a satisfactory ‘measurement ie 


and intermediate ‘débris- laden flows, which form the run-off ‘resulting 


Below the gaging at cath’ of the intensively ‘studied water- 
“sheds , is a cement-lined débris reservoir. The water depths | measured i ‘in 
tin and over the broad- -crested weir spillway afford an efficient check on 


foes flow ‘measurement, in some cases furnishing the only reliable data | on 


e water-eheds studied. 


& "paper were set up in March, 1935, with two major objectives: (1) To test he 
2 effect, of. construction ‘modifications on the. rating of Parshall flumes in the San 
bs Dimas area; and, (2) to ) adapt the present stations to measurement of flows of rhe. 

all sizes, either by improving the débris-transporting characteristics of the 


Parshall flume, or, failing this, by to develop a control flume 


flows of intermediate 


XPERIMENTAL QUIPMENT 


County Flood | Control District, water the San Dimas {flood- 


‘The Improved Venturi Flume," ” by R. L. Parshall, M. Am. Soc. C. E. Transactions, Am. 


Through the courtesy of the San ‘Dimas Water and the 


x 


— 
erate 1n 1on with a YU" V-notch weir, intended to measure small 
n = 
Storm flows during the fi i i 
ry Hows during the first rainy season following construction soon demon- 
strated the inadequacy of this type of control in measuring flows containing oa ae ae 
| 
— 
| — 
— 
a 
ci — 
7 
‘used in conjung ion with the present stations to measure 
— 
3! 


og 


AND SEcTION or SAN Dimas EXPERIMENTAL FLuME, SHOWING PoRTION OF 


Controt Wertr, EXPERIMENTAL FiumEs, AND Rart BAFFLES 


Reservoir wa 
antities desired up to 250 cu 1 ft per sec. 


the outlet gates in this dam was constr ructed a water-tight timber 
én with tar-paper, 16 ft wide, 6.5 ft deep, and 80 ft long, beyond the ; 
end of a short concrete channel leading from the sluice- -gates. the end of this 


section of flume was s installed a 16-ft re a ged, steel suppressed weir, set level p 
bulkheads and short vertical dite edges, 
a contracted weir of any desired length. — pats 


tori the weir the structure was | chetiauell narrowing to a width of 12 
i r, the floor of this ‘section 1 is 4.5 ft below that of the — 


— 
he 
— 
— 


channel; and a 8 in the middle of the lower 

Experimental flumes were installed here and at the down- 
end of the structure. Figs. 2 and 3 show the design and a general > view of the 


every test. made, at least two flumes were rated ‘simultaneously 


‘stations constructed in the large test flume. Tests made with various 
structures: in the San Dimas test flume, listed in 


(A) Five-foot flumes (rating with clear w ter), with | 16- it suppressed weir 


as control, v using flows from 14.08 cu ft: per sr sec to 234.5 cu ft per sec: (1) Same 
zee that adopted i in the Experimental Forest gaging stations, with lev al 


floor in converging section; and (2) same design as that adopted i in g howler 
gaging stations, that the floor of the converging section was 


— — 


iven a 5% slope. 
ae 


bv 


flumes w 3- ft contracted Weir as control, using flows 
(O11 cu ft per sec to 16.0 ¢ 

floor in converging postion; 46°. extended from up-stream end of 


flume to walls of 12-ft channel; (b) floor of section on 


(¢) flo 


‘oe 
— 
e Experiment Station, and accurate within + 0.001 ft. In additio 
Staff of the Experiment Station, ‘ns tacked tothe walls 

water-surface curves were plotted by the use of metal strips tacke 
— 
— 

| 
— 
— 
y 
| 
| 

3 


on thie floor from the throat back to the up-stream of the 
2 and set at an angle of 45° from the floor to the converging s side walls (Section SS 


et B- -B Fig. 5). This fillet design was suggested by Mr. Parshall® for the purpose 2 


ofi the efficiency with silt-laden flows; and (e) level floor i in 


TR 


es 


5° -wing-wall alls. (2) ‘Rating with 
débris-laden flows: Same as in Item B-1. 
if) (C) Six-inch flume, with a 3-ft contracted weir as control, using flows from 
ei 0. 20 cu ft per sec to 2.71 cu ft per sec. _ The purpose of this test was to ascertain 
es the effect on the rating formula of entrance conditions radically | different from 
ee standard. — ‘This flume was installed i in the side of the main structure below the 


i: ae ig. lower 1-ft flume, and with its axis at right angles to that of the main 1 structure. ure, 


a. = height from 4 in. at the  up- -stream end of the flume, to 1 in. at a point 1 ft up 

stream from flume throat. ramps were constructed on the ends. 

I —Experiments with Other Critical- Depth umes. —In the course of the 

studies, a new type of measuring flume was which functions as. a 


Stilling Well Inlet 

=== 

6. —GENERAL Danan FOR Sax Dnus Fi 

down stream of the section in which critical depths occur. In Fig. 6, forex. 9B me 
ample, by denotes width of measuring flume; 6, = width approach | 


height of structure in the spprosch ch 
length of the m measuring flume = * a andr = radius of the transition 


: 2 __ § Memorandum concerning the effect of fillets laced against the walls of the converging section of a ec 
Parshall measuring flume, by Ralph L. all, U. 8. ‘Bureau of Agricultural Fort C.F 


j 


4 | al 
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m 
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— 
“ob 
mut) 
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= 
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— 
— 
t débris rapidly throug 
super-c 


and point of depth measurement from the fume H. 

Palmer and D. Bowlus, Members, Am. Soc. C. ES The meter r described by 

; Messrs. Palmer and Bowlus would not function satisfactorily for | measuring flows — 
containing bed-load, as measurements made up stream of the ‘‘critical”’ section 


= 


must necessarily be affected by changes in n approach velocity, ¢ caused by ie al d 
of transported material i in the back-water zone a above the flume’s 8 entrance 


transition. ‘Because of the necessity « of measuring loaded flows, conven- 
tional broad- crested weir could be used, as its contraction would soon — " 


obliterated by accumulated débris. Therefore, a standard flume transition was 


a constructed i in the new flume to replace the bottom contraction. as 


‘Bia. 7.—Vinw Facinc Down Srream; 1-Foor Recranevutar, FLUME; 


transition is the cylinder quadrant (see Fig. 7), described’ by Fred 
Seobey, Am. Soe. C. E., in 1933 with a radius of curvature equal to the 
width of the flume. This type a of transition was adopted because of its simpli- 
city and relatively short length, and because, according to Mr. Scobey’s experi- ae 
‘ments, the head loss through it should, , in m most cases, _be no greater than in ae 
more complex transitions, such as the reversed curve described* by J ulian 
ex Below this transition the n measuring flumes tested were either rectangular, as he ie De 
‘shown i in Fig. 8, or trapezoidal in cross-section, with a floor laid on a 3% grade. es eed é 
The trapesoidal flumes had a wall slope of 1 on 0.25 (see Fig. 9), the object of 


Transactions, Am. Soc. C. E., Vol. 101 (1936), 1195. 
The Flow of Water in Flumes,”’ by Fred C. Scobey, Technical Bulletin No. 393, U. 8. Dept. of 
_§“The Hydraulic Design of and, Siphon Transition,” by Julian Hinds, Am. Soc. 
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this cross- -section | having been se capacity while retaining accuracy for 
~ low flows, and to attempt to hold critical depths at points close to the “ “crest,” 


to the down- ‘stream end of the the entrance transition. ae 


—TuHREE-Foot RECTANGULAR CRIT-  9.—Two-Foor TRAPEZOIDAL Criticat-Derts 
Ical-Depra Fiume; View Facina U Fiow, 22. 97 Cusic Feet PER | 


was covered with ‘ound at (about 3 Up stream 
from the transition, parallel or diverging wing-v -walls are carried back a short 
distance into the stream banks’ or, in the test flume, to the walls of the main 
Ee ty A 3% grade was chosen for the floor slope within the measuring flume so as 
= toi insure maintenance of stable flow conditions, well below critical depths, even 
- - for shallow flows of water containing sufficient débris to raise the coefficient of 
hydraulie friction of the flume as high as n = 0.025. Although this allowance 
ey _ may seem liberal, it was considered necessary because of present inadequate 

4 
knowledge of quantitative influences of transported material o on flow 
as Bans characteristics i in flumes. _ The only disadvantageous effect of such a floor slope 
Ties i in its increasing which tend to reduce the sensitivity of the 
a ment to ‘small changes in flow. . This effect may be minimized , however, by 4 
Toeating the stilling-well inlet. reasonably close to the section in which critical 
depths « occur. pi Furthermore, any such reduction in depth variation per unit 


: of volume variation is largely compensated in practice by the facts that any . 


rror in measurement of head « causes only ‘approximately a Sen times that error in 


ies 


4 
= 
| 
— 
— 
—— y a short ramp, 
4 
= 
= 
| 
a 
— 
mpon the flume’s ra de for three sizes of flume in 
—  Preliminar ratings have been made for three sizes of fit the former, and 3 
|§ Preliminary ratings signs: 1, 2, and 3-ft widths in the eee 
rectangular and trapezoidal designs: 1, 2, 
— 


03 5, 1, and 2-ft bottom widths in the 1e latter. — The 1-ft flumes w were rated by 3-ft ik 
and 8- ft weirs; the 8-f 8-ft weir was used also. for the ] larger widths of the flume. 
A 1-ft rectangular flume with a level floor was also tested, in order to verify 
the similarity in discharge behavior between this cath - control flume and a 


re 


In each test run, gate-op 1e dam were cot 
of the Los Angeles County Flood Control District, who was in continuous com 
% munication with a co-ordinator at the test-flume structure. To start the : run, 


- the gate was / opened enough to fill all the basins in the test-flume structure, and 
; then aera to a small { fixed l opening. — _ When the flow | had reached ‘stability, : as 


signal was given and six to pie | depth readings were made by separate observers 
: : at each | point-gage, noting times of reading to the nearest } ¢ min. Other | 


water depths in the channels up stream. Staff gage “were also 
= taken at the weir as a a check on the point-gage, and current-meter velocities for — 


. the larger flows were measured to check the weir rating. After the completion 
of point-gage readings for each stabilized flow, the | gate-opening was increased a 
and the entire operation repeated until enough different volumes had been 


measured to insure the procurement of rating curves. For the 6-in. 


wate r available behind the dam. _ Formulas flee for the control weirs were: 


eight of the crest above | the bottom of the channel. . <s 
doh no volumeteio or other completely reliable rating could be made of these 
weirs; their accuracy is believed to be well within limits required for the study o% 
te + 2% to 3%), as demonstrated by their close correspondence with volumes ; 
4 “computed from current-meter measurements, and by the agreement of observed 


In testing the behavior of débris-laden flows in the small Parshall and rec- 
-tangular San Dimas flumes, a seem mixture of gravel and sand was 


ore as rapidly and continuousl sly as possible by six men with two wheel- 


barrows into the channels just up stream from the flumes tested. i In each case, 


water depths in the flumes” were measured first’ with a stabilized flow 

clear water; then, with the same rate of flow, | débris was a added s Ki ‘rapidly ¢ as = 


a 
— 
— 
— 
| 
| 
4 
| 
| 

to fifteen separate volumes were measured. 
“ 
or « 
ain 4 
as 
ven 
late — 
ope 
— 
= 
any 
pe 
rin 
aly, 


added bunkers constructed above the flume structure just up stream 
ee from each flume. It was found difficult, however, to feed the débris_ uni- 
_ formly from the bunkers, because the material became packed. 
| computing results, all point-gage Teadings for each | stabilized flow were 
and checked with the corresponding staff-gage reading c or the water- 
surface curve, and rating curves and formulas were obtained from the resulting — 


average points. ‘Variation of individual readings: from their average seldom 
Computations were made of velocities. and energy within 

‘i flume, in order to determine energy losses attributable to the transition and to_ 
frietion and turbulence within the flume. The results were not satisfactory, 
probably owing to centrifugal effects in| ‘curved flow. However, as nearly a 

%e As could be determined, losses through the transition and flume appear to be small. 

All calculations were made with a -in. slide-rule and an electric calculator. 


’ were checked against 
af 


line drawn through logarithmically plotted, observed 


with Parshall’s ratings of his flumes he significant results 0 of the ex- 


are shown i in Tables 1 to and summarized : as follows. 


odified Parshall Flumes with Level Floor in Converging Section. § 


tions which exceed 5% only in the 6-in. 


Increasing the length of the e entrance section of the Parshall lume epress-_ 


‘ing the floor of the outlet section have little effe ct, if f any, on the comma 


© Flow in Parshall flumes, at depths great twice those originally 


Pe rated, conformed with no increased error to computed rating formulas. ie 
Alterations of the Parshall Flume.—The rating: with clear water may 
ie hl A 3% to 5% slope in the floor of the converging section resulted in is 
flow at low depths were increased a jump passed 


eritical, giving smooth curves discharges for all heads considerably 
_ (2) Introduction of fillets of resulted in discharges somewhat in 

es. excess of standard ratings. _ In the 3-ft flume with multiple fillets, low flows oc- 


nae curred at shooting 1 velocities, and at all stages a was drop was perceptible | at 
the up-stream end of the fillets; 


Effect of Débris on the Altered Flumes. —Exeellent transportation of bed- load 
Tesulted as long as. shooting velocities occurred. higher stages, howev 


mi (a) The logarithms of all rating points fit a a straight line closely, with devia- i ; : 


— 
— 
— 
£3 
— 

— 

— 
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DEDRIS-LADEN STREAM FLOW 


but failed to be effective for bed-load st above fine gravel in hance 
bed- l-load was present in the flow, observed discharges were 
5 ” | excess of normal values for the finnen at all stages tested (see Table 1). 


TABLE 


| 


or 


MEASU 


Rowe, or Frow, 


Cusic per Saconp 
Me 

Ob | Com- 


| 
(a) Onz-Foor ParsHALL FLuMB, 3% Froor, IN 
> ConvERGING SECTION 


ag 


Fi Lows Ui ‘Upon: Rating or 


Rats or Fiow, Q, In | 
Cusic Freer per SECOND 


Read- Tt 


0.646 


0.885 
1.295 
1.456 


2.75 2.45 
3.94 


12.10 


Devia- 
tion 
(Column 
(2)— 
Column 


devia- + 


tion 


(b) Oxs-Foor SAN Dias Fiums, 
~Fioor 
3.90 | —0.01 
9.37 9.387 | 0.00 
12.11 31 0. 20 


1.131 
1/388 


13a 


15a | 0.683 
14a | 0.780 
13a | 0.968 


— 


13.73 
16.11 
21.33 


Ba 
13.73. 
16.11 
| 21.33 


1 


1515 
20.75 


3% 


80 


.32 
21.41, 


ace 
n Dimas 


| -0.07° 
—0.21— 


13 


— 


0.08 | - 


_ * Observed head is for flows containing poostpery? material; observed discharge is based on quatecl-welr 
and computed discharge is based San Dimas ratings clear water. Tt Channel above 


flume built up to.25% with bed-load 


| 


tal F 


Distance, in Feet 


3 


re HALF PLAN OF FLUME! 


CurvEs For A 1-Foor REcTan 


and pir on the approach floors of all these flumes, and prohibit the use 


lar deposition. These facts result in serious errors and 


ey 


a. 


4 
o 
4 
2 
ing | stream Ing | stream ic 
head, No. | head, Ob- | Com- 
| cms +0.30 | +12.2 || 15a +188 | +159 
x= 
_ 
wi _ stations, where it was found that bed-loads are transported rough Parsha —— 
. _ flumes only at high discharges. Low flows carrying loads cause tee 
ad sand 


DEBRIS-LADEN 5S 


ergy to ‘that lost i in friction; the depths fluctuated at about 
* Bg: a the critical, within the — The resulting points lie on either side of a curve 


which i is formula for broad- crested weir. The rating is un- 
i satisfactory, as deviations of individual points from the curve are as great as. 
15% (see Fig. 11). _ Furthermore, addition of débris the 


flow to jump above critical depth down stream of the transition. _ 


| 


| 


—Ra' 
shown in Fig. 10, critical depths lay at points the middle of the 

flume, where relatively parallel flow occurred. For the measurement of clear 
a flows it might be feasible | to use a flume similar to the San Dimas design, but . 


% os with its floor set at a critical oes so that parallel flow would be established at 


a flume be very sensitive to small in floor fr friction or to the 
addition of silt o 


Cross-Section, Flume Floor. —Table 2 shows observed 


distance (3.0 ft) from the crest (down-stream end of the entrance 
This piezometer location was chosen as the closest distance from the crest, 
which still remains down stream of of critical depths at the highest 


in which C constant to correct for the effects of floor slope a ang 


— 

a 

: 
— 
ae correction for changes 1n unit friction in different flume widths, these flumes gave i i 

— 

— 

— 
=. 
| 

— 

a 


Rate or Fiow, Q, In | 
Cusic PER SECOND 


Cusic FEET PER SECOND 


| Com- | (Column = | Com- |(Column| | 


Column 


(a) FLUME: (Eqvarion | (b) Two-Foor (9) (Continued) 


2 | 0.175 | 0.67 -4.48 || 5 | 0.925 | 11.80 | 11.82 | +0.02 | +0.17_ 
oe 3 | 0.245 | 0.96 | 0.99 | +0.03 | +3.15 || 6 | 1.242 | 17.28 | 17.20 | —0.08 | —0.46 
ss # - | 0.533 | 2.71 | 2.76 | 40.05 | +1.85 || 7 | 1.533 | 22.38 | 22.51 | +0.13 | +0.58 
t -§ | 0773 | 454] 4.52 0.02 | —0.44 8 | 1.741 | 26.20 | 26.49 | +0. 29 | +111, 
6 | 0955 | 5.98 | 5.98 | 0.00] 9 | 2.262 36.49 | 37.00 | +0.51 | +140 
1.346 | 9.39 | 9.40 $0.01 | 40.11 Tanez-Foor 
1.480 | 10.74 | 10.66 | —0.08 | —0.74 
a i1 | 1.599 | 11.85 | 11.81 | —0.04 | —0.34 
| 0541 | 9.27 | 9.25 | —0.02 | —0.22 
“|| 5 | 0.660 | 11.80 | 11.86 | +0.06 | +0.51 
53 | 1.55 +0. 02 | +1.31 || 6 | 0.891 | 17.28 | 17.23 | —0.05 | —0.29_ 
‘54 | 4.55 | +0.01 | +0.22 || 7 1.105 | 22.38 | 22.53 | +0.15 
.759 70:10 10 | +1.08 || 8 | 1.256 26.20 26.43 | +0.23 
| 1.638 | 36.49 | 36.80 | +0.31 
tee 2.145 | 51.43 | 51.44 | +0.01 


The ‘curves are plotted i in n Fig. 12. 
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st, 


On the basis of computed deviations based on sstilling-well it 
considered conservative to believe that this type of control flume should be at 
least as accurate for field measurements, especially of débris-laden flows, as 

a a any standard measuring device now in use. However, final conclusions as to = : 
its accuracy and the applicability of the general formula must be 
nding final ‘ating of of in and larger sizes. 
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ATING CURVES FOR RECTANGULAR, CriTICAL-DepTH FLUMBS 

i — Co 1 critical depths lie on the curved water surfaces (see 13), 


_ down stre 


_when he tested broad-crested weirs with a crest slope of 2.6 percent. In the San 


Gravely 


; Stage 12 
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G. Curves FOR RECTANGULAR, CriTIcAL-DepTH FLUMES 


road-Crested Weirs,”” by J. G. Woodburn, Transactio ; 


hin 

Ry 


ae | 
a ag 5. 
— ical. These 
imately 30° Am. Soc. C. E., 
rox | 
| 
tm he, 


Dimas flume, true critical depths, as indicated by the inversion on of water-sur 


proximately for centrifugal action in curved flow. 


ee The remaining slope from the vertical of a line innit ts critical depths | 
may be due to shortness of the intake transition. It is believed that critical 


? depths would remain closer to the “ crest” if the transition ‘were more gradual a 5 


¢ on broad-crested weirs with ¢ gently sloping ramp approaches, as tested 

The of as much débris. as be fed continuously to these flumes 
had very slight effect on their ratings (see Table 1). All | grades of material —_ 

F pung to angular stones as large as 10 in. in diameter passed through ‘rapidly, Ry. 
with no deposition | on | the floor. A 4-ft San Dimas flume has been i in operation — 
during the rainy seasons of 1935-36 and 1936-37 in a stream in = Experi- Me 
mental Forest which carries: bed- loads estimated at quantities up 0 10% of 
the flow. ‘This flume has remained clean of débris s deposits and has uni- 
flow characteristics throughout this ; perio od. . A 2-ft flume, similarly 
ind has given excellent records for a season, in in a stream carrying heavy 


i _ Flow in the experimental flumes was ‘hot affected by velocity of a ‘approach — 


"mained down stream ¢ of the stilling- -well inlet. . In one test, the stream bed up ¥,! 
of the flume was built up with gravel toa 25% grade. Although there 
_ Were shooting velocities in this channel section, a jump occurred above the a. 
a transition, a hydraulic drop within the cylindrical entrance, and measured — 
: heads in the flume were identical with those recorded under standard conditions. - 

A hydraulic j jump caused by in the flume exit 


Trapezoidal Cross-Section, 38% Flume! Floor. flumes, tested i in bottom 


or by back-water causing a jump within 1 the | flume, as long as the jump re- eae F 


widths of 0.5, 1. 0, and 2.0 ft, exhibited characteristics s similar to those of the com 


or no effe 


surface w 
variation of flow from 
computed flow In “In Table 3, thee 


: pink 


9.601 


— 
‘ 
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a — 
at all stages measured, and the addition of bed-load apparently had li 
= ct upon their rating. However, unstable flow conditions, expressed in ase ag ies 
if 
for the 1-ft flume, 
10“*Supplemental Tests—Weirs with Aprons Inclined Up Stream and Down Stream,” by A. R. Webb, 
aneactions, Am. Boe. C. Vol. 96 (1982), pp. 408-416. 


‘These fluctuations. may have been caused by of the conical 

Es did Critical depths deviated in this type of flume just as far from m the vertical * 


ABLE 3. —ComParison OF “Compure> WITH OBSERVED don 

-IncH, 1-Foor, AND 2-Foor TRAPEZOIDAL 


‘Conte Freer PER SECOND | Cusic Freer PER SEconp 


Devia- | cent- ing | stream Devia- a 


— 


a) Srx-Incu Fiumm: (Equation (10a b) Onze-Foor Fiume: (EquATION 108 Continued 
0.792 9 | 1.777 | 22.97 22.10 —0.87'| -38 
10 | 2.177 | 31.26 | 29. 60 
3 | 0.802 | 0.390 | 3.918] 3.850 
2 | 0.266 | 1.389 12 | 0.480 | 5.290 | 5.210 
0.559 | 3.918 4 | 0.682 | 8.488 | 8.668 
| 0.947 8.488 | 0.762 | 9.86 | 10.18 
1.041 | 9.86 6 | 0.816 | 10.98 | 11.25 
6 1.112 | 10.98 7 | 0.944 | 13.73 | 13.89 
1.269 | 13.73 | 1.004 | 17.24 | 17.20 
(1.464 | 17.24 22.97 | 22.70 
10 31.26 | 30.70 
58.09 | 56.70— 


these may be briefly as 
Construetion n modifications used i in Parshall. flumes on the Dimas 
rea have a negligible effect on their rating. results: indicate | that. the: 
e Parshall flume ‘gives accurate measurements 0 of clear water or flows containing 


loads of fine material, and is reasonably a accurate esses _ flows with 


(2) of bed-load substantially. of Parshall 
aad flumes at low stages, although the resulting errors at high’ flows appear | to be 

No alterations: iced into the Parshall flume succeeded in ms 
terially i improving its accuracy in measuring small | and intermediate flows con- 


A new ‘design of critical- -depth fi flume was fas developed, w which appears to 
Pi give accurate measurements of discharge and to be unaffected by east of 
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approach - prese ence “of bed-load. 


weir in a which a cylinder-quadrant transition i is used in wh of the pian <@ 
contraction. Depth n measurements are made down stream of the “critical” 
section, where rapid flow occurs tentative rating has been established 

three widths and a general formula computed. 

>. Use of this type of flume in conjunction with the present ie: Dimas 
ft stations should make possible the measurement, with reasonable accuracy, a 

small and intermediate loaded flows which at present fail to be measured be- ees 
cause of débris in weir boxes and in the Parshall flum flumes. 
URTHER EXPERIMENTATION 


“Completion of experiments with the San Dimas | olves model 
"studies to per 


perfect its design, and more detailed quantitative investigation « of | =, 

_ the flow characteristics of the flume in transportation of bed-loads ~ The model — 

: studies are largely completed, and the results will appear in the closing discus- ; 

* sion, . For bed-load studies an experimental flume structure is being constructed, é 
nh flows containing up to 25% « bed-load material can be circulated be ae 
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AMERICAN SOCIE’ OF “CIVIL ENGINEERS 


PRE- STRESSED REINFORCED CONCRETE | 


POSSIBILITIES FO BRIDGE 


‘This paper contains a brief citation of uses made of pre- stressed steel 
pete the past an and the development of f formulas for the solution of - 
cases. symbols are e defined where © they first occur and are summa- 


INTRODUCTION 


Iti is customary to consider that 1 the complex, non- -homogeneous nature 
concrete is its greatest disadvantage. Iti is impossible to utilize the. 
of strength of steel and of concrete, in the > same structural n member, with the same {— 


degree of e economy. In parts. of a structure where compression predominates 


Ae the steel is always understressed, ‘and when tension predominates the are) oan 


im nearly always assumes ‘that the prey resists all of it. The tensile | stress in 
concrete. often exceeds the ultimate, and the resulting cracks are a particularly 
undesirable characteristic of reinforced concrete. Although such cracks may 


f not immediately endanger the stability of the structure (since the steel resists 
all the tension), they permit the structure to 
concrete by chemical reaction and the steel by corrosion. = 
the other hand, the very difference between the two materials q 


“utilized to the of reinforced concrete structures over all-steel struc-_ 


a tures. . The reinforcement can be designed s SO as toc confine the d deformation of 
q ‘concrete within reasonable limits, or, conversely, to produce stresses the 


concrete that will act in the proper direction, ‘Ifitis desired tc to counterbalance 


some of the deformations i in steel that are expected to occur under the : action of ee Pras 
_ working loads, a preliminary stress may be imposed upon the concrete. Fe KS: : 
This idea of -Testraining the effects « of stress in either material has been a 
accepted as a possibility since reinforced concrete was first introduced, and eu : 
Several structures have been built according to this principle. Only in 
however, have , designers begun ai an extensive and f arresching of all 
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possibilities for purpose of utilising it consistently in design 


construction. One method of restraining deformations may be illustrated _ 


: _ iby the case of a concrete column with spiral reinforcement, which, for all 5 
aye ie practical purposes, is the same as a steel ‘ % ‘envelope”’ that prevents the member © 
bulging laterally under axial loads. The same effect can be produced by 
= steel reinforcement arranged transversely in a structural member so that its 
; ar bond with the concrete will serve to establish resistance to deformation in that 
direction. this case the external restraining forces” exerted by the “en- 
are ‘replaced: by the internal forces in the steel. . The workability of 
this principle has been proved by the r results of tests? by M. -Caquot 
Brice. These investigators found that any type of transverse reinforce- 


oa ment increases the ultimate compressive strength | of conerete in 80 ‘so far as it 


‘has ‘made concrete e that resisted, “safely, , the bulging by 
"pressures of 3 550 lb per sq in. found also that the best type of 


- ment for this purpose is two series of parallel wires set in planes normal to the 


axis of the loads and tied by semi-circular steel bars. 
= = _ Another general method of changing deformations of either material i in a 


desired manner may be described broadly one the term, ‘ , pre- -stressing. 4 


S 
a pee Br jacks at key points along the arches had the effect of eliminating the shrinkage 
stresses and this ‘decreased, materially, the dimensions of the arches. 
The principle of pre-stressing was used by A. _Mesnager and T. Vevriers in 


1930," and, in this | case, Was applied both. to the concrete and to the steel © 
separately. The arches of the bridge® at Vesinet, France, are reinforced 
steel tubes, thick enough to ¢ constitute a considerable percentage of the cross- 


“sectional area. Ordinarily, shrinkage stresses would have stressed the steel to 


JE = 000 Ib per sq in., but, by exerting a = on the tubes and, es ¢ 


The next progressive be to increase the stresses 


it partly v would have the effect of introducing known 
™ stresses in ina structure a at previously (and precisely) determined points. ae: po 


, ny An example of the manner in which this principle i is applied to reservoirs was 
be published? i in 1933. a The circular concrete wall of the reservoir is fitted with a 


. series of circumferential rings, and these rings finally are covered with a layer of 


aoe concrete, leaving the connecting - turnbuckles revealed. As the water rises in 


_ % Memoires de la Société des Ingénieurs Civils de France, July-August, 1930. eo i 


33 ie 6 Le Génie Civil, January 17, 1931; also, Engineering an and ‘Contracti 


across the > Rogue River, in the United States. by) means of 
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4 ‘the reservoir tensile stresses develop i in the ¢ concrete, which are counterbalanced 

__ by the pr pressure introduced in the steel hoops by means of the turnbuckle. | ‘In 
this: manner the compression - may be made to balance the tension in the 
‘concrete, thus safeguarding the structure. against the effects of cracking 


‘ 


type structure, J wooden tanks i in ‘principle, 


‘tween the and: the ‘steel is is destroyed by tes latter with a 
special asphaltic compound and the circumferential rods_ slip freely w while 


strained ‘turnbuekles.’ ” same has been for Pipes, 


3 distributes the Shak the prestressing uniformly all over the length of the i 
a structure. _ In this manner, Professor F. Emperger applied the principle of the — 

prestressing to precast pipes, and Freyssinet t to pipes, posts, foundations ete. 
- It should be possible to prevent deformation in many other kinds of strue- y 
tures, by pre-stressing the materials of which they are composed. E. Freyssinet 


¥ has s stated his conclusion that ‘reinforced ‘concrete bridges of spans as great as 
ft: are possible in this manner. The development of structures: of = 3 
kind ‘may not be the problem of immediate concern, but in ordinary 
engineering practice there is a wide field for “economy and improvement in 


design by a proper application of the pre-stressing principle. 
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in which the results are 0 obvious most t interesting. The : 


the tension face is straight and can be stretched of a simple 
device before the concrete is After: the conerete set the tension 


to the application of external forces when ‘the member is put to 
its final use. With respect to the concrete alone, of course, the bond i in the steel 4 


ee an external force, and the amount of this force that remains after the Ang 
concrete has set may be computed if the relation, n = =, is known. 
ae The effect of pre- stressing is is opposite | to that of the final | loading (see ‘Fig. 1). fe ; e. 


it is to pre-stress: a structural ‘member in such a way 


would be ee in compre 
Sines there i is no tension in the 
result of shrinkage, or other causes, e pressure of 
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- dimensions of reinforced concrete members may sometimes be decreased as much — 

_ as 50 per cent. The dead load 1 is much more important in concrete structures 
4 than in steel frame structures. _ _ For larger spans the weight of a bridge, for ex- ~ c 
7 ample, increases so rapidly as to prohibit the use of reinforced concrete. — By pre- 

stressing the reinforcement, as suggested herein, thus reducing” the sectioned " 


_ dimensions appreciably, the limiting span for ' reinforced concrete structures can 


The foregoing ideas, as applied to the iniaiidilion of initial stresses in a 

_ beam, are ‘not new. ve As early as in 1907 Lund and Koenen” proposed placing | 


7 vo tensile steel in tension before placing the concrete. _ Bending tests | with 


beams submitted to ‘an initial tension of 8 500 Ib per sq in. show ed that the first | 
cracks appeared when the loads exceeded by about 50% those corresponding to 


beams made i in the ordinary manner; but the efficacy of the beams aed - 
Some other attempts also failed because the preliminary stresses in the s eg 
were not sufficient to create the desired results. § Steel that has a yield point 
from 33 3000 to 40 000 Ib per in. ordinarily has an assumed allow; rable 
stress from 16 000 to 20 000 Ib per sq. in, , 80 that the bars cannot be stressed to 
more than 10 000 Ib per sq in. in. In some cases this degree of pre-stressing « could © 
“not even offset the effect of errors. Even the largest permissible stress 
imposed on the reinforcement, in such cases, would require too much steel in 
_ order to create internal stresses in the concrete sufficient to afford a saving in 
‘material. - In later years, however, steel has been developed with an ultimate 
strength of as much as s 140 000 Ib per sq. in., , With yield point : stresses as great as 
110 000 lb per per sq in., and the pr prices for this high- -strength steel differ only a : 


trifle from those of eodinney structural steel. By hardening and annealing 5 


cold- drawn steel, and then cold drawing | it again, it is possible to raise the y rield 
point to 185 000 to 198 000 Ib per sq in. 
In steel structures the alloys that are brittle ond lack plasticity are avoided. 
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cooling if the alloys. are too brittle. In conerete structures it is the concrete 

that provides the plastic element to the structure. — On the other hand, small 


cross-sectional dimensions of reinforcement bars preve nt damage, when such 
Freyssinet prestresses: reinforcement 80 as: to impose tension to between 
 one- -half and one-third. of the elastic limit of the metal. A rod with a yield 
point of of 120 000 lb per sq ir in. may be prestressed safely to a as much as 80 000 — 
lb 5 per sq in., , and with material of this high strength it is pos ssible to utilize the 
advantages « of prestressing | for bridge e construction. However, as far as the | 
Ww riter is aws are, the o1 only actual attempt in this direction has been the cc om 
struction of a large-scale n model of a girder by a German concern W whie h, in 19: 36, 
tested a model 65.5 ft long. 


REQUIREMENT OF THE PRE-STRESSED DESIGN 


— most important difference betaveen an ordinary design of reinforced 
_ concrete and the “pre-stressed’ ” design. i is that in the latter all the concrete ae 


any cross-section may be kept in compression. — we a9 


external forces” produce tensile stresses sses, they are treated ‘merely 
negative stresses, serving to. decrease the compression created by the pre-— 
"stressed reinforcement. The entire cross-section of the concrete is considered 
effective in ‘compression. . The imposition of “initial stresses 


ay 
sidered in three successive stages, as follows: 


Stage (1). -—Before concrete is poured an external tensile force is 
; mechanically to the reinforcement - his force may be termed the “prelimi- | 
nary os tension . After concrete has been poured, the effect of shrinkage i is to 
a restore the length of the deformed bar to a certain extent, thus releasing a part: 
a of the preliminary tension n. On the other hand, the concrete is not permitted 
‘to shrink to its fullest extent, and bond stresses are: created betwe een the steel 
and the concrete, which have the effect of introducing an eccentric . external: 
“fore. Stresses from this source are not great, compared with those due to 
wh 
external loading, and they are not considered in ordinary design. No con- 
Fr is needed, and for the pre-stressed beam, the period in Ww ame t ae 


is setting is the only time | which it is “under slight tension. 


length and is prevented from pact so only by the « conahitne in this p rocess, ie 
an stresses are eliminated, leaving a residual eccentric force | to act against 
the. external forces that. may be applied to the beam later his eccentric 
produces a direct pressure and al bending moment in the | beam. If the bottom oO 
reinforcement i is - prestressed the effect is to introduce tension at the top, Ww which, — - 
in turn, ‘is offset by the dead weight of f the beam; but before the initial pull is 
. released from the reinforcement, this. dead load is supported by forms and @ 
timbering. — Upon release the beam bends upward, becoming loosened from the . 


forms, and rests on its ends. In this stage the stresses in the 
combination of pre-stresses, and dead load stresses, fp. 

In n the design of a prestressed reinforced - concrete beam, the aim ist ato 
eliminate 1 net tension in the entire cross-section and to confine the compression — 
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A) At of the 


fot + for > 


the bottom of the 


foo + fow < 
in de © the combined | or net unit stress; f; = the unit stress at the top; 
= the unit: stress at the bottom; fee = the allowable unit stress in 


cmated ‘the pre- steel on the concrete: at the bottom ‘of the 


should be reduced to within the allowable value, iv cone the dead 


we Stage 3).—The iatens is that i in W rr the beam carries the full live 
_ load; the beam having been prestressed to offset the effects of dead load, it must 
have excess of prestress to cancel the ma stresses by loads. F or 


© At the top. of the beam: 


e unit didies witli ue to live load; and, oi: = the unit ‘stress | in the “— 

ae ea take full advantage of the indiiods described herein, the beam ase be 

* loaded temporarily up t to the full dead loads before | the preliminary stress in the > 

is released. the prestress in 1 the ‘reinforcement would 


_prestress,” spe remaining ‘after the partial of ‘the ‘preliminary 
This” loss is due to the : shrinkage, to the plastic flow, and to the compressive 
It is important. to determine the e “designed prestress”” The loss 
of 1 the preliminary stress, due t to the shrinkage, depends on the quality of the 
concrete. or ordinary concrete the shortening may exceed 0.0004. is 
es “equiv alent toa decrease of 12 000 ) Ib per sq in. in the —, of the steel. The 


shrinkage of f compact concrete is much less. 


subject to permanent pressure. 
2 
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conditions can reach a value equal to 0. 13 x 0. 000001, or 0. 000000 
By lb per sq in. of stress. The final flow after 5 yr will exceed this amount by 


not more than 30 to 40 per cent. Thus, if ‘the permanent pressure in the 


ae is 500 lb per sq in., the shortening of the concrete under plastic flow nee 
reach 0.0000009 1 4 X 500 = 0.0006, with a corresponding decrease of 


me: A change in the prestress will be produced by the prestress : itself while it is in 
the process of compressing the eonerete. The reinforcement follow s the. 

_ shortening of f the compressed conerete an and a fraction of its stress is Teleased.— mr 
If the e compression 0! of the concrete around the bars is 500 Ib per sq in., the a 


decrease i in the tension of the steel will be about 5 000 to 7 500 Ib per sq in. we 


ul b 


in time, the stress” ” may lose as much. as 3 12 000 180 


‘should into account, for the design his remainder i is the “designed 
prestress. Howe ev er, the structure should also be checked to meet the 
conditions of the first days, with a partial shrinkage a and no plastic flow, to be 


sure that this t temporary excess of the prestress will not produce an undesirable ee 


The sdisiles due to dead and live load will be governed by a factor c of safety bee 
of 2 2 . Ordinarily, these stresses are small compared to the designed prestress ae 
4 and range from 8 000 to 12 000 lb per sqin. Even with a factor of safety they ne 
= usually restore the loss in the preliminary stress. 
as. hus, the “designed prestress'’ "may be be fixed d safely by deduc ting from 30 000. 
to 40000 lb per in. from the yield- -point value” of any given steel. Th 
4 “preliminary stress”’ should be from 5 000 to 10 000 Ib per sq. in. less than the 
yield ‘point. ‘The excess required for the “ preliminary stress’ ’ above the 


" designed prestress”” should be estimated as ae as possible for a given 


As to the concrete, an ultimate strength | of 2 000 to 2 500 lb per sq in. in- 
compression is assumed in the examples: this paper. However, ‘if the 
advantages of pre-stress ‘sing are to be fully utilized, ‘special high-strength grades 

, of f concrete should be manufac tured. - Conerete « of the highest strength ca can be 
a produced most readily at a fixed central manufacturing plant, and, conse- 
quently, pre-cast beams and slabs ean utilize the pre- stressing principle to ) the 
“greatest adv antage. P roperties desirable in concrete are that: (1) It deforms 
at af fairly constant rate; (2) its t total ‘shrinkage 1 is nee ely slight; and (3) ‘it 
possesses high strength and quiek- hardening properties. ‘< ‘The best method at 


the of ‘rete. hei a le « extent; in tests by } M. 
F ‘reyssinet the ul ultimate st rength of thee one rete made t under pressure attained a 
breaking s stress s of 14 000 Ib per sq in., and more, and a tensile stress of 150 lb — 


in, T he concrete is compact to only — 
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* In all ordinary structures no 


factor of safety should be ines if the actual 
working stresses exceed 


relativ ely ‘Slight and will be eliminated subsequently as the structure is ea 
uf to a normal state of equilibrium. © In special cases, where it is necessary that the 
design be particularly conserv ativ e, allowable w orking stresses due to live load | 


= 
THEORY OF PRE-STRESSED Recra ANGULAR BEAMS» 


vail a simple pre-stressed reinforced concrete beam there are are bending mo- 

ments, M, forces, V, and the horizontal T, ‘introduced through 


cross-section of steel 2 may be for purposes 


4 of computation, by the equivalent concrete area as in 


seweties, 3 : Referring to Fig. 2, let p = the percentage of steel in the | 
entire’ cross-section of a beam (pt referring to the steel at 


the top: of the beam peageh to t the steel at the bottom) ; 
= of a beam; and b= width of a beam. 


roid of the bottom rei inforcement, | 


dow n to the oe ule of the section is k d, and the onc be of the 
=) d+ (n — 1)(p + po) bd=b d{l + (n - 
about the roe of the beam: “toy 


‘aking moments 


= 


working 
M 


M 


4 » & 
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moment of inertia of the section about the neutral axis, after simplifying, 4 


— 


2 


(11) 


pre- -stresses are determined in a similar manner. Thus, subtracting 
the area of the bottom 1 reinforcement, | the effective area the 


= bd+ (n—1) d—p 


+ (n —1) pt 
| 
Stresses produced by the force, P, consist of distributed 
, and the bending stress, whieh \ varies from — — 


at to+ the bottom. area of the bottom 


reinforcement is 6 4, and the value o of force i is, 


Consequently, the pre-stress at the top the beam is 


p 0 


fos Pb 


and the pre- stress the bottom i is: 
- Ips Do 


If there is no reinforoement, the factors, 


(20), (12), and (13) become: 


= 0. 083 +0. 


s before, b= haste in the case of a slal », Asan 1 approximation, the effect 


4 
— 
and — 
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=1+(n—1)p 

a 


and (19), are simplified accordingly. | - Substituting these simplified values i in 


x ‘If the member has | no top reinforcement, p; = 0, and E quations (17 

E quations (12) and (13): ves 


Ls be the e design of pre-stressed beams and slabs i is confined: mostly to cases in 

Ww hich there is Teinforeement on. one e side of the beam and as the effect 
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‘most commonly used. 
Tih bending capaci ity of the prestressed beam can be determined from Cc ‘on- 
ditions and (D). For the most part, tl ‘the first condition ¢ gov is, 


bending « the conventional concrete beam is, 

Assuming ‘that 4 = 800 per in.; p = 0.009; 

k’ j= 0. 347 0. n = 15; and © = 0.186 2.26. Thati is, thebending __ 


6, 


or, of the si ois beam is greater about twice that of an ordinary | 


stresses between the reinforcement and the conerete develop 
Ww when the stress in the steel changes in value from one point to the other, as’ 

- when the external forces vary. a he preliminary stress introduced in the rein- 
forcement i is constant from one end to the other. ( ‘onsidering ¢ only t the bending - Hy 
es moment due to the external load, the bond stress between two: — a 
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steel stress due to the bending moment. a 


In the conventional design, the appearance must be anticipated, in 


_ which ease all the tension is carried by the steel, , to balance the compression in 2 ae. 


the concrete at the top of the he section. ; In that. ense, i= and, 


>> “dz jd, 


which is the well- peated expres ssion for bond. “os - When the 1e steel has been properly | ri 


prestressed, concrete over the entire section is under 


distributed over the concrete a area as well as er steel, 1, with result that 


The tension n induced ‘i the external loads, t through the bending t moment, = ; 


to Equation (7) for value is ‘expressed by, 


and the ratio of bond » values for the ‘pia design and the conv aia: 


design i is: at: 


A, its equivalent, pd db qd, and simplifying 


cases of the bond to be ided is relativ ely 


vs which i is alway ays ; less than one. In Example 1 it proves to be 0. 53, which na 
cates that, for this case, the bond stress to be designed for in the pre-stressed 
| beam is only 53% as SseV ere as in the conv ventional design. In fact, in most 


be used: 
formula m may be 
= 


| 
& 
= 
: 
| 
g 
‘a 


= ent is s imi 
to that in the vicinity of tension cracks in the conv eaten design. Theme 

ically , the bond stress 3 is | infinitely ‘great across a crack but, , actually, the steel a : 
i slips, thus gradually transferring. excessiv e stresses to the concrete at that. point. hae a 
pe is known, concrete i is plastic enone to — under applied load as in the 
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‘thus avoiding rupture. This has not been studied 


deaus 


adequately, , but it is s extremely important in problems involving the « naieds of 
aoe: the case of pre- -stressed concrete, by which preliminary forces are intro- 
duced i in the r reinforcement, there is a section of the steel ¢ at both ends, beyond 
# = the ] point at which the forces were a applied, where the induced eneians equal 
to zero. a heoretically, the transition betw een zero pre-stress ¢ and full design — 
; _~pre- »-stress occurs over a very short length of bar, and over this length the en ol 
_ is infinitely great. As a mat ter of of f fact, the distance over which this transition 
oceurs is yanerd because of the fact that the bars slip. FE. Frey ssinet, Ww ho 


‘not report any difficulties i in n dealing w with this problem. — At the joint meeting — 
of the Institution of Structural Eng ngineers the Société des Ingénieurs 
¢ ivils de in 1937, he explained is not | a question of the 


the e transversal deformations o of the concrete, ‘similar to the | gripping of a bari in 
4 aw wedge clamp. Its. intensity and its efficacy depend on the quality of the con- 
crete and the packing of the concrete around the bars. In the case of “ “treated” a 
concrete, very restric ‘ted lengths (approximately 10 or 20 diameters) are suffi- 
- to assure anchorage, prov ided there is a sufficient thickness of ‘concrete. . 
and that the ‘surface of the metal Is not smooth in the zone of anchoring. 12 
Inp particular. cases, the use of vertical end anchor- plates | can be recommended. ; 


to offset ‘the 


| 


ail 


vas 


siderably greater than the computed longitudinal stress, toa maximum com- 
pression which will b be comparatively small. The longitudinal stress, 
- decreases from the center of the beam tot the support and from the E bottom of the - 


beam: to the neutral a3 axis, , but combined with the effect of the shear, v, _ this stress — 
can produce diagonal tension great enough to | be unsafe. >. Consequently, — 

diagonal reinforcement is designed to meet this condition. In the prestressed 
beam , conditions are. entirely different. T he longitudinal stress is always — 


compressiv e, and the second term of Equation (30) gives usually only a neg- 


~e For an approximate estimation, the second term may be replaced by the 
two first terms of the c on series s because, for the values of 


the point: will vary maximum tension, hich will sometimes be con- 
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and | v, series will be converging. eg 
4 


Thus, the: not be considered. They eliminate the 
‘ing of the longitudinal bars and considerably simplify the reinforcement. ‘The — 
use of stirrups, however, is desirable, because the prestressed beam is under 0° .0m 
permanent compression al and the stirrups will play the réle of hoops in columns. a il 
Correspondingly, stirrups should form rings restraining the effect of the bulging 
in concrete and should be placed along the entire span of the beam. = eed 


ae. If a particular structure requires absolutely no tension in the pai th — 
near the support may by as well. 
JEFLE 


ia: The prestressing design introduces a direct press pressure and new ; bending m mo- 
oe in addition to the e bending ‘moment of | loading. — The direct pressure — 
- uniformly - distributed over a transverse section does not affect the — 

. he “‘prestress” bending | moment acts in in | the direction opposite the loading “aS 
induces an upward deflection. ‘Therefore, it may stated that 


_ prestress decreases the deflection of a beam. 


s th 
‘In the customary balanced design, with the unit stress at the top of the 


Recon cays fac, and at the reinforcement, fs, the unit length of the top fiber will : 

; decrease by a => = and the unit length of the reinforcement will increase by © 


p= to the beam and the radius of r, referred 


LLG 


nation of (Bla) gives, 


m 
- 
5 
mM 
= 


In the “ prestress’ "ite the unit length of the top fiber will decrease by a, as - 
a maximum, and the bottom fiber will decrease too, or, in the ¢ extreme case, 


GD) xi 
ero or some positive 
value at the bottom, making at the neutral axis about fac. For Ib per 
— 
Ly 
| 
| 
3 
to the top of the beam, w1 
in which g d ment, 
— 
> 


Hence, < 


~ 


= 800 lb per sq in.; = 20 oro Ib per sq in. - E _ 000 000 
and, E, = 15 E.;¢ = 0.9;a = 0.0004; b = 0.00067; and — = 2.95. 
yn the other hand, the prestressed beam can carry about twice its normal load. 


if ‘equal loads are considered , the deflection for the prestressed beam will - 


a = five to sis six times less than for the conv ventional beam. men nerecill 


at ev ery point thes span. the of the beam is — 
Pe... such a manner that these conditions are satisfied for the center of the ‘span, 7 
may may be unsatisfactory for other points of the span w here the outside bending 
moment is less than maximum. ‘Indeed at the top of the beam, the 
- compression n due to dead load (which must absorb the tension created ci. 
_ prestressing) decreases to zero at the support w here the outside bending moment a 


is zero. — Under such conditions, there could be a + residual preliminary tension at 
the top of the ‘beam near the support where Condition (A) would not be 


satisfied. preliminary compression along the of 


This can be overcome easily by va varying section. The bending 
moment due to dead geal aries along the span according to the parabolic | law, 


same haw by changing p or q, or both, in Equation (20). Thisis 
accomplished by increasing the width or the height of the beam n. T The rein- 


forcement under tension is fixed i in position in cross-sectional 


in w vhich = = qd i is the permanent distance the top of beam to the 


For the of the = 1, Equation (33) 
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reduces to 35 3; 


_ Equation (34) is the algebraic expression for the well-known rule that when 
farthest edge. of that section are equal to a, Condition | (B) i is usually, ‘satisfied — 
when the depth i is determined by E quation (34). oa The addition to the depth c of a 
beam decreases rapidly from the supports and for « = Hl, this addition is s quite 
small. It is probably better to select a beam of the type shown in Fig. -_ 


~ rather than the parabolic shape dictated by the strict theory. aE de 


cA second solution medias in low er," the top of the beam s 


the bottom of the beam to the acuiiinenh | is Partie re 


and the depth of the beam at the support should be, saath 
case of s and Equation for depth which are 
7 too small, and difficulties are encountered due to high compressive pre-stresses 


and cheering | stresses near the support. In the case of large girders, howe 

= solution of n of the problem i is W orth considering. 
Continuous beams and rigid frames” present same peobler to an. ev en 
greater because in case negative moments occur over the supports. 


‘increased to as < eta do or, even n if the negative moments are , large, to dp <3 a 
In the latter case the sign of the “‘prestressed’’? moment changes and its fect 
-4 
at Consequently, for the continuous ams and rigid middle s 
is designed as for a simple | beam, and the values of d, and d are eguiel. 


to t the foregoing e equations. the point of inflection, d i increases to 


an eccentric force i is applied at the third point of a section, the stresses at the — ai 


the value of 3 dy. » At the supports, th the section is designed for negative moment aN 


and the same feitinains are simply rev eversed, changing the top and bottom. — In 
this case, the lowering of the top of the beam toward the support can be of an 
«great use because ‘it augments the relative eccentricity of the prestress. — 
es. If the span of a bridge i is great and if rectangular beams are not acids, “ha 
I-shaped girders should be used. In the conventional reinforced 


design such girders are not used because the bottom flange would be useless — 
as it would tend to crack of fits dimensions. 
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ecomes as co conv as s economical i in reinforced concrete design as it is’ 


‘The foregoing theory of the prestressed beam is enally applied to the I- — 


= an T he method of of meeting the change i in the outside moments by varying : 


x, and differ, according to the special shape of sections. 


ic’ depth of the beam. (that i is, the eccentricity « of the -prestress), , is identical with - 
‘There are cases in which the principle of pre- -stressing ‘eannot be 
‘because it is impossible to select a a value for the stress that will, 
x ee - all the required conditions at the same time. This is true when the 
- ms live load is considerably greater than the dead load, ‘such as in the case of 
ae floor-slabs. The The maximum ratio betw een li live load and dead load for purposes 
of pre- -stressing ng can be determined as follows: By Condition | (D) the minimum — 
prestress at the bottom to the maximum tension due to the 


can be w ritten in the form: 


-Joading i is expressed by, 


On the other by Condition (A), the tensile pre-stress at the top must be 
absorbed by the compression due to dead load. Consequently, fot = = fos; or, 


he 


‘The relation, Sow pre- the and at the 
the relation between the at ‘the at the due 


Finally, by contining E and (41) solving 


a) shape. . Final f formulas and conditions for the design are the same and only - _ 
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q In other words, if the ratio | i een live load and dead load exceeds | the value 
a _ represented by the: right- hand member of Equation (42), the preliminary stresses _ 

7 in the concrete cannot : absorb the maximum tension at the bottom, , and, at the 
9 same time, the stresses to be absorbed at the top by the minimum compression. ‘Ss 

herefore, it is impossible to. design the beam for complete elimination of 


tension in the concrete. - the values of k = 0.55, q = = 0.9, an nd = 


The following illustrative problem will demonstrate the saving 
-) and improvement in design possible by introducing preliminary stresses. = 
a Example 1.—To demonstrate the manner in which pre-stressing 
. influence the dimensions of a reinforced concrete structure, consider a pre-cast, 


a . slab bridge. . At present, the excessive w eight of pre-cast slabs limits their use 

Gg to comparatively small spans, and any method of decreasing the thickness of 


such slabs would permit increasing the span length; for example, consider a 

bridge with a clear span of 25 ft composed of separate units 29 ft long and 

rai ; ‘16 ft wide. Each slab is pre-cast in a a central plant, transported to | the ‘site, 

i= and placed i in position by cranes. — For a slab 28 in. thick, the effective span 


be assumed equal to 25 + 2. 33 = 7.33 ft. he dead load is pe 


i ‘The live load consists of a 20-ton truck with one pair of wheels, arranged. 
as — in fail 4, for maximum live load moment. ‘iT he value of this moment, 


1.4' 


4.—Trock FoR Maximum BENDING MomEnNtT 


“plus 2 257% for impact, on an 1 is M; = 4 166 L {| 0.5 — 


the | equals 27 7.33 ft, = 22 800 ft- -lb; fac = 650 Ib per sq in. 
fas = 18 000 lb] per sq in.; sand: n= current design practice, Po = 


| err the thickness of the ‘slab j is icp to be d = 0.099 V38 600 + 22 300 


The next tents to design the gesetvemed slab. In Fig. 5(b) let d = = 16, 
p= 0.0086, and fa, = 45 000 Ib per sq in. a he effective span length, L, is 


25+ 1.33 = 26.33 ft; the dead load is 1.33 X 150 + 65 = 265 lb per “sq ft; and 

“the bending moments are computed to be, respectively, Mp = 2 2 900 ft- Ib; 
and = 21 700ft-lb. Since there is ;no top reinforcement, pr =O and 


F urthermore, = 


(3), k = 0.537 and (in| 


es 
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> D. L. & W. R. R. Is Doing in Concrete Design”, by M. 


7 
Equation equals 0833 0.037? + 14 x 0. 0086 X x (0. 844 — 0. 537)? 
i = = 0.096. _ By Equations (5), (6), and (7 ), the stresses” are. computed to be. 
pounds per square inch): = 500; fo=- 430; 4 290 
= =+ 473; 408; and, 060. By Reestives (12) to (16), 


| 


Fon THE CON- SECTION FOR THE PRE- 

5.—Comparison Brrw EEN THE CONVENTIONAL AND THE PRE-STRESSED 
‘the’ stresses in the slab due to introducing pre preliminary stress in the are: 
D, = 0. 9914; ky = 0.497; C, = 0.0843; frp = — 0.00885 f,,; and pre + | 
— 0.0265 These fiv re values’ must coineide with Conditions (A), (B), 
(©), (D), and | (E), and the best method of checking the selected section is, 
first, to determine, from Conditions (C) a and (D), w hat “ designed pre-stress”’ ir 

in the reinforcement would impose the required stress in the concrete under 
full working load; and then, by C ‘ondition (£), to make sure that this dinar 

not steel. By Condition (C): } = + 0.00885 
500 + 473 5 650, and, therefore, fps — 36 500 lb per ‘sq in. ; by Condition 
(D): Fu” = 0.0265 fy, 430 — 408 = 0, and, therefore, f,, = — 31 600 Ib 
per sq in. 5 and, by C ondition “= — 290 4 060) = 


7= 45 000, and, therefore, fos = — 36 650 lb per sq in & The : similarity between _ 
optimum values of the ‘ ‘designed pre-stress” be imposed in the 


& 


forcement, in order to utilize concrete (see Condition (C)) and steel (Condition 
- (B)) to the best adv antage, indicates that the section is well balanced in this — a 
_ ‘Tespect. _ Conditions (A) and (B), for dead load only, will be usually ‘satisfied if if ‘@ 
Conditions (C) and (D), for full loading, are satisfied. Nevertheless, all these 3 
From: Conditions (C) and (E) it is possible to ‘state that — 36 650 = Sos ; 


s- 36 500 lb per sq in.; and, assuming that fp. =- — 36 500 Ib ‘per sq in., 
De the stresses due to dead load are (see Conditions (A) and d (B)): FP, = + 0. 00885 
(— 36 500) + 500 = =- + 177 1b per sqi in. and Fy = — 0.0265 x (- 36 500) 
430 538 lb per sq in. It is “unnecessary to compute | the value of Fy 
because the reinforcement is alws ays stressed more under full loading. Sa 


& 


Under maximum live load the corresponding stresses are: x =+177 a 
a + 473 = = 650 lb | per sq in.; ; Fy” = + 538 — 408 = + 130 Ib Per sq in. and oo 
36 500 — 4290 060 = 44 850 Ib per sq in. 
will be noted that the design i is ‘especially well be balanced. Tension can 
= never occur in the concrete and the e compression stresses are a minimum (+ 177 : 
Ab per sq in. at the top, and - + 130 lb per sq in. at the bottom). c= his il 7 
should be sufficient to absorb any y accidental inaccuracies introduced bye compu- 


Before’ the live load is applied, the reinforcement is under a tension of 40 790 
lb sq in. . The live load 4 060 lb per sq in., an unimportant in- 


tations or assumptions, before tension stresses would appear in the concrete. 7 
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advantages of pre-stressing, compared with the design, 
are demonstrated in Table 1. The analysis indicates that the depth of the oe 


1 —Apva ANTAGES OF IMINARY 


Steel, in equare inches 

Stresses, i in Pounds per Square Inch: = ee 

At the bottom 

the steel 

q At the top 

At the bottom. 

In the steel 18000 

Percentage increase in steel stress under live load . 


a maximum value of dy = qed = = x 13. 5 = 20. 25 in. At the supports 


stresses in the concrete are zero at the top and, at the bottom: Baar < i eat 


= _ » 2 X 36 500 X 0.0086 X 


= 498 Ib per sain. 


Instead of the theoretical curve of the bottom of slab, or 
‘beam, it is simpler to > design sections for several points along the span. an. In sai 

case (see Fig. 5), the depths are found to be as follows: 


~The total weight of the pre-s -stressed slab unit is about 19 tous, 37% less ily 


than for the conv entional design 
ae Example : 2.— —Consider the same pre-cast slab (Fig. 5b) as in Example ae 
cept that it has double reinforcement. — Let d= dag pt = 0.012; and 


0. 0105. The dead load is 1.08 150 + 65 = = 227 lb per s aft;Mo=} 
X 227 X 26.08 = 19.200 Ib-ft; an and Mz = 4166 X 26.08 pote 


by Equations. (5), (6), and 0.0242 fo = — 0.0247 M; and 


Stresses due to external loads are (in pounds per square inch) computed as: 


er 


fw = 465; 475; fv == 4 950; fu = + 520; fox = 531; 
‘fa = — 5550. By: Equations (8), (9), and (10), Ky = 1.157, ki = = 0.447, 

and = 0. 0988. By Equations | (12) (13), 
0. fen and Soo = 0. 0325 


= 21.500 lb-ft. By Equations and (4), = 0.495 and C = 0.1208; and 
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in the steel required by. Conditions (Cy. (D), and pounds p per square 
27 
= — Sun -4 950 - = 45 000; or, 


=— 34 000 per sq in.: 
val =+ 0.00993 x (— 34000) + 465 = 
0.0325 X (— 34 H4 000) 475 = + 


497 + 520 = +4 647 Ib per 8q in, 
= + 631 531 = 100: Ib per in. 


ds of Inch-Pounds 
nh 


par 


in Thousan 


= 


‘1. 08 sq ft which is 50% of the roquived 

es ‘design. | The cross-section of steel is 3. 51 sq in. _ which is 66% greater than — 

: ‘conv entional design. Such a a design n may be recommended « only if the thickness 
or the weight of the bridge m must be decreased i in order to meet local conditions. _ 

ci The slabs can be made even thinner by introducing : a concrete of higher — = 

strength; if allow able stress in the concrete can be to 


External Moment, 


To test the practicability of introducing preliminary s stresses in reinforced 


Freyssinet_ constructed beams" reinforced symmetrically with 
different kinds of steel bars and wires, including piano ) wire with an elastic 
limit of 284 000 Ib per sq in. Initial tensile forces were applied such. as to 
_ produce stresses from 99 600 to 256 000 lb per sq in. n. Mortar was placed in © 
small portions and vibrated; ; samples w ere tested by bending; and the results 
very favorable. Rupture occurred | at loads much greater than were 
] theoretically computed. In some cases the samples failed i in ‘the steel and, 
7 ie some cases, in the concrete; but in the latter cases, too, it was the steel that 
the rupture by exceeding its yield-point stress. deflections Ww 
small being almost always only about one-fifth of the deflection observed i in 
conventional design. W hat ‘is of a a special importance as applied to reinforced 
concrete, the deformations were completely reversible. No cracks speared 
Red until tensile stresses due to working loads exceeded the initial compress o 


compression 


stresses by from 280 to 430 Ib per 
In 1935,8E. Freyssinet conducted rev ersed bending on a post 40 ft lor 1, 
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+1000 to — 1000 lb at the rate of eight times" per minute. 
_ post of the conventional design, heavily reinforced with 286 lb of steel, was fis- _ 1 
sured after afew hundred deflections ond broke after a few thousand deflections. 2 
“prestressed” post of the “treated” concrete with only 110 Ib of steel 
subjected to 500 000 deflections without any alteration. 
Ae In 1934, W. K. Hatt, M. Am. Soc. C. E., tested a series of 8 by 14 in. beams, in a ‘z 
13.5 ft long, reinforced with two rods 0. 816 in. in diameter. These beams were ay 


> 


4 Theoretical Stresses, 
Conventional Beam 


“4 


—— 


~ 


| Moment, in Thousands of Inch-Pounds 


ternal 


Conventional Beam 


1200 1000 800 600 400 200° 600 800 
a: >. Compression, ‘in Lb per Sq In. Mil in Lb er Sq in 4 


‘measured exactly. of ‘the same ne section, but pte and inthe was 
Ties 6 and7 7 show the unit stresses. re the top and at the bottom of the c con- 
crete and in the steel: (1) Measured exactly, , in tested prestressed beams; Es. ; 
(2) computed by the theory of the prestressed beam; and (3) measured exactly, a i 
a tested conventional beam. The computed at the bottom of the 
4 concrete agree Ww ell with tests. Some greater difference is « observed for the top A" wa 
of the concrete where the actual effect of prestressing prov ed to be | greater than ~~ 
_ the computated value. Measured deflections follow strictly theoretical con n- ; 
 dlusions. The prestressing first produced upward bending. Under the bend- 
ing moment of 100 000 in-lb, the beam regained its initial form. . The conven- ag 
tional beam deflected under the same load as much as | 0.035 in. Then theload 


Ww as increased so as to produce a a unit stress of 1 050 Ib. per sq in. in the. concrete 


in the beam; and the in the conventional 
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External Moment, in Thousands of Inch-Pounds 
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entional 


— 


ce 22 
: ‘Fre. 7 .—Unir Sree. Srresses Wy ih 
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4g in. The working unit stress in the concrete was 2 056 Ib per sq in. in com 


Sp pression and, a at the ‘steel, 78 000 Ib per sq in. __ The girder r weighed onl only 150 lb- 

3 a lin ft, and carried a load of 940 lb ] per lin ft. _ Under repeated loading | the 
girder s acted like a perfectly els elastic body and disclosed no ) signs | of fatigue. . Re- 
oe: inforced with steel having an 1 elastic limit of 140 000 Ib p per sq in., , the girder had A> 

a factor of safety of of 2 in the steel and of about 4 in the concrete. The deflec- — 


of this test, it is concluded that a girder of 327 ft Span, with « an average depth 
= to 0.05 could be built ‘economically. ‘Such a girder would carry 600 
_— tons of its own weight and 300 tons of useful load. The ‘deflection would be f 
only one-third of that in a steel structure of the same e dimensions. pr 


a 7 Three methods can be used to prestress the material al required: © 


Mechanical devices of various forms can be of the re- 
inforeement bars can be hooked and connected to the special anchor-beams by 
means of these hooks, intermediate hooked bars and. clamps being fixed on the 
anchors. One of the anchor-beams is subjected to the action of jacks held 
against a a strong abutment. In this manner the reinforcement bars are stretched = 
to a a predetermined v value. lue. Devices 0 of this type are suitable for the manufactur- 
ing of precast structures in a concrete yard where supports can be built per- 


_ For field work, it may be preferable to use the forms as supports, strength-— 
a. them with end blocks and struts and carrying loads from one end of the 
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form to the other. ier. In this case case, jacks are placed between the anchor-beam a iol 

Reinforcement: can be e easily p prestressed by heating To 
achieve the expansion corresponding | to the stress of 90 000 lb per sq in., itis Na 
required to introduce a temperature | 260° C above the normal temperature. Pte a 
_ The problem of applying heat is ‘simplified by electrical devices, as ude boon 2h 


However, the heat-treatment method should be tested carefully. In 
process the steel is subjected to high temperature, and placed i in contact with = 
concrete while the latter i Is ee mrs: the result that the surrounding con- — 


plains it as due to non-uniform the other 
3 noted French engineer, M. Lossier,' "7 cites the precast electric insulators pro- 
duced i in 1913 at 185° F, w hen the concrete was rammed » the end of four 
years they were in an , excellent condition, but three years: later their strength eZ 
was reduced much below that of ordinary insulators. It appears possible that 

7 initial heating i is injurious to chemical actions’ over long periods | of time. «Rit 
results in n destroying the bond between the steel and the concrete even “in * 
run,” heat cannot be used for prestressing. 
An i 1 ingenious method of ‘ ‘self-prestressing ” was used by K. 
for piles i in combination “treated” ‘concrete. te. Piles w were ‘manufactured 


prt ars of half- collars which ¥ were fixed with screw ‘The internal mould is 
made of a steel tube surrounded by an envelope of india. rubber with a cotton ; 


paint space e between moulds i is IG. by an annular plate e with holes for 


. The rater escapes een the collars 
3 the external al mould. T hen the vibration i is ‘stopped and a hydraulic pressure of — ae 

285 Ib» per sq in. is exerted in the internal mould between the steel tube and the 4 oe 
envelope. This pressure is transmitted to the concrete and through 


to the top ) closing plate because, immediately after vibration, the concrete acts oa fe 
asa liquid. _ The plate rises and stretches the rods that are fixed d toi its top, -.* ny : 
J most to their elastic limit. — The pressure is maintained for 20 min, the water 
leaks freely through the joints, and the reinforcement is as 


4 _ From studies made by the writer and deseribed i in ein paper, a six. broad _ 


brood 
conclusions seem to be justified, as follows: 
1.—In n reinforced concrete design, there are great advantages in ‘increasing 


3 or decreasing, artificially, the stresses in one or the other materials involved. : a 

One of the methods consists in introducing preliminary tension in the reinforce- am 
"ment and tests by E. and others show this method is practicable. 
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they may permit considerable i increases in maximum span length. In either 


 4—The arrangement of the seind orcement is simplified considerably because 
ag he diagonal tension is appreciably less than in the conventional design, and in 
continuous beams, reinforcement 1 1s not necessary at the top. 


to gain the ‘greatest advantages from the principle of 


ir 
cost involved in both cases is not serious. 
List 6. —The effect introducing the lesign into reinforced 


following symbols, to the “symbols for Mechanics, _ 
ructural Engineering, and Testing Materials" by. 


-discussers of this 


= breadth, or width, of a beam; as a subseript, b denotes “bottom ST 


denoting ‘ ‘concrete ” 
lepth o: of a bea dx = ‘depth, d, ata from the left support 
= net unit stress; f. = = unit stress in ‘concrete; f= unit stress in steel; 
= unit prestress (initial eompression); — unit prestress 
Gnitial tension); fp = dead load stress; f; = “unit stress at the top 
of a beam; f, = unit stress at the bottom of a beam; f, = allowable 
unit stress; fa unit stress due to live load 


: moment of inertia the: effective 
that resists prestresses. 


oy 


the resu. e when the pr dead loads a 
2.—Inva irders are pr 
= 
SO as 4 
s of — 
— 
ent 
of the resisti oint 
— 
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| 
a substitution factor = 


Liv as a denotes “‘ 


=a a concentrated eed: designed prestress”’ fo 


percentage of steel in the entiee cross-section of a beam; a ‘referred 
to the top steel; p, = referred to the bottom steel 
ratio of distance from the center of the to the top 


fiber of the beam, to the ae of the beam. 


1+ (n — 1) (pe K’ = the substit 
ratio of distance f einforcement=1—p. $ 
| ce from the neutral axis to the top fiber of a 
! 
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APPLICATION (OF SOIL 


A SYMPOSIUM 


SPENCER BUCHANAN, Asaoo. M Am. Bee. 
tg 


Quabbin Built by the 


} _ Stability of Embankment Foundation. j= 

Settlement of Structures in Europe and Methods of Observation. 
Cuaruzs Terzacm, M. Am. Soc. .. 1358 


By SPENCER J. BUCHANAN,’ Assoc. AM. SOC. | 


ing approximately 76 61 1.000 000 cu uyd of 


used is 


rels 
is concerned with the general features the design of a aloves and the 
the 1 rela v ly new tool, Soil Mechanics, 


ari in n connection with levee design 


‘The first sieves on record to be , constructed i in the Lower 


was built i in the vicinity of New Orleans, La., by De la Tour under the « orders of = 


the founder of the city, Sieur de Bienville. The date of this work was between = 
1717 and 11727. | It was a modest start as compared to the present system, but it 


proved s so successful that, in 1743, the French Colonial Government a ordered all ia 
land owners in that vicinity to “follow suit”? and gave them one year to com- 
_ plete their units under penalty of forfeiture of their holdings. immediately to the 


Crown. With the development of the ‘Valley grew haphazard system of 
levees which provided uncertain protection from the floods of the river. The Ee 


- resultant confusion, together with | growth of national interest in ‘the matter, a 
be resulted in the creation of the Mississippi River ‘Commission by an Act of 


Congress in 1879, for the co-ordination of the efforts of the local interests and for . “ 


n tremendous and stan have been marked with as indicated by 

the satisfactory confinement of the 1929 and 1937 floods. _ Thee extent of the 

Accompanying this growth there has 

been a a ‘corresponding - reduction in ‘the area of the floodway and natural storage 
basins; greater flood stages: have resulted, requiring higher | levees. The average. 

height at this time is approximately 22 ft. How ever, this height i is as great as 
50 ft at isolated points where the line crosses lakes or bayous. _ As the growth in 
size progressed, the « experience of those directing the work broadened. | The 


weaknesses in design became apparent under actual flood conditions and 
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i 
gin of a stream t ed along the mar- 
am to restrain its flow within a desired course during flood stages. 
system of levees, as it exis g Hood stages. ti 
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4 acti of property protected has been enhanced, and the demand for edetigns 
complying with strict engineering practices has increased. _ The rest results of these 3 


of the time 
with mules and wagons” or with men 
and wheel-barrows. Consequently, the 
foundations are loaded more rapidly ‘and 
_ with heavier loads, and the chances ‘of 
their failure are When the 
circumstances are such that stable 
foundations are evident, and material 
available with which sufficient ex- 
signs 
based on experience have ade- 
quate, However, when the limits of 
- the location are restricted, and it is | 
‘hecessary to construct a unit across an || 
old lake bed or on some poor foundae | 
tion, then the use of the new tool, Soil 
oor serves a need of long stand- 
ing. ‘The of this branch of civil 
“engineering permits design to bef 


on a basis. 


quires consi 
control of seepage. The first two || $' beng 
BATON 
of t these features are of the utmost im- ROUGE | 
“portance because, more than anything 
else, the structures must be stable for 

any conditions. The control of seepage | a 
important and justifies discussion 
cause of its effect on the stability o! of oe ‘a 

. However, ‘the volume of by 
Water lost i is of little importance as its 


_ conservation is rarely desired in a flood = 


drainage: the areas 
- adjacent to levees i is generally more than 
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The 


maximum probable flood is that Flood Control 
a uthorized by Act of May, 1928. ‘may be noted that, as the size the 


= land-side slope. - “The river-side slope has remained practically unchanged 
the beginning. broken land-side e slope, as indicated for the banquette 
and 1914, was as found to be undesirable in certain: 


High Water 1927; 50.7 Ft | 


espects for ee high levees on the] Lower River. _ The steep land-side slope above 


the banquette proved unstable in some instances when confining the maximum ws 
floods for which they were designed. This unstable ¢ condition was probably 
to the hydrodynamic forces es created by the seepage, aating 0 on the slopes. 


_ Table el shows this variation | for the pane materials, 


bal 


ily 


"The slopes in use at present vary somewhat with the material available a 


slope* 
containing assumed 
topmost flow line of 
following slope 


flow line to spring from river-side 1 ft below crown of structure. 

The stability these standard sections been ‘investigated, by the 
method described mubsequently, and for normal conditions was f found to vary ; 
between 1.5 to 3. ‘This factor of safety is considerably greater than n the 
average: for earth structures of the levee type. The e B section | (Table 1) 
dominates throughout the Mississippi Valley. a It has been found that the us = 

of clay, of the richness requiring the A section, is generally undesirable. | Con- 
sequently, the A section is rarely used. The feoogoing sections have been ms 

Bh apaetvies a long period of time and are based upon experience gained w ith 
the soil existing in the Valley. They should not. be considered applicable. ‘to 


other localities where the material available may different 


the application of soil mechanics ‘it 
le ign, based on the strength of the materia i 


— 
— «CST 
es Nas incressed There has heen 9 oradiual reduction of the ineiinal 
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— 
— 
ti 
til 
— one 
TABLE 1.—Stopszs ror Cuay, Sitt, anp 
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be 
— 
— Th 
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factor ¢ of safety ‘desired. The ‘method of design depends « on the nature of 


clay. For the ‘slopes of of or like materials, the i in- 


dination must not be greater than the angle of internal friction. ye Their failure 


and clays. The stability of slopes formed of cohesive materials Prasars upon 
i shearing strength of the material along a deep-seated cylindrical surface. 
his cylindrical surface generally extends from. a point just back of the ‘crown of 4 


segment of the slope lying above this are, in failing, appears t to slide 
a rotating about the center of the are. The method of locating the approximate | : 
position of this is center of rotation for various slopes as established by W. 
Fellenius?” and ‘amplified by Charles | Terzaghi,> M. An. Soc. C. E. , has been 
"found to be satisfactory. Evidence of this type of failure in shear due to the 
over-stressing of the material has been observed in 1 innumerable cases, par 
ticularly in levees constructed of material too wet for use. 
oT The steps taken in the design of a slope, neglecting the effect of | of seepage 01 a ee 
f its stability, are relatively y simple and much in accord with the prevailing prac- Bi is 
tice. . They are as follows: (1) The approximate position of the « center of rota- Re 
tion for the are of failure is determined; (2) the part of the s slope of unit thick- 
— above this surface, _ determined by the are of fi failure, i is subdivided |into 
vertical segments (the number— usually ten or tw elve—depends upon the size 
of the structure) ; and (3) the gravitational force acting on each segment is 
‘and resolved into its normal and tangential components acting 


4 along the are at the vertical projection of the center of gravity of the segment on 


Summation | of the tangential co components gives the force, T, tending to ag 
displacement. The force Tesisting this tendency i is the summation 
the frictional and ‘cohesive forces acting along: the are. ay The total frictional 

Pe + foree i determined by adding the normal ¢ components and multiplying the sum, 

YN, by the tangent of the angle | of internal friction, “ - The cohesive force is 

K “determined by multiplying the length of the are, l, by the unit cohesive strength, San 


‘4 of the material. % The cohesive pre is obtained by y a shear te test performed Loe 


p 


Jordstatiska berikningar med friktion och kohesion fér cirkular cylindriska glidytor”, W. Fellenius, 
Kunal. Viag- och Vallenbyggnadskarens 75-arsskrift, pp. 79-127, Stockholm, 1926. 
,. °‘*The Mechanics of Shear Failures on Clay Slopes and the c of Retaining Walls”, Charles 
Public Roads, Vol. 10, No. 10, 1929, pp. 177-192. 
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in question The corresponding ar arc i is as the critical surface 


upon which failure is most likely to occur. Several slopes are e analyzed by this 4 
method and the one having the desired factor is selected. 


2a factor of unity for the stability of the sides slopes indicates a balance of the P 
forces. _ However, a slight deviation of less than unity can not be taken a as a 


direct indication that failure is imminent. Pi Values of less than 0. 75 may nay be , 


taken as indicative of an unsatisfactory situation and values greater than 1.2 1.25 


can be taken a as assurance of ay: Although this method of analysis nee 


made of a about Which | engineers have had previously only 


_ Another element enters into the stability of the land-side | slope aihereiiows 


‘through the structure has developed, or for the river-side slope following the 
passing of a flood and thg removal of the impounded water. Failures have been . 


observed of the river-side slopes of levees under just such conditions. Thé 
- hydrodynamic force created by the seepage water, either flowing into or out wl 


the section, produces an ‘overturning n moment in the part. of ‘the slope lying 4 
above the arc of failure. — For r example, considering a levee through which flow 


has f ully developed, the flow and setpeatal lines being arranged : as shown 7 


the loss of hy, occurring the part above the arc of failure, 


—bdef, is due to the friction overcome by this seepage water in flowing through — 
the material. — The net effect of this loss of head is considered asa force acting 
in the general. direction of the tangential component tending to o produce failure 

and should rightfully be considered i in such an analysis. — (In ‘Fig. 3, ‘Fyi is the 

- force e tending to cause « displacement i in the direction’ of flow, « equal to hy times $ 

nit of water times area ‘surface, fo, of unit thickness. 


— water ‘upon { the s 
of the U. 8. Waterways Experiment Station‘ this year. This analysis is site ? 
— to that reported by E. Meyer-Peter® and concurred in in by D. W. Taylor, - Assoc. 


ag M. Am.’Soc. C. E., in a paper to be published in the early fall. a A paper on this 
hydrodynamic effect is” to be prepared s soon; hence it it is ‘mentioned 


4A Report of Experiments and Investigations to Determine the gad of Sub-Levees and Berms in 4 
e Control of Seepage, Technical Memorandum No. 101-2, July 1, 1937. 
Beitrag zur Berechnung der Standsicherheit von Erddammen”, von Meyer-Peter, H. Fav. and 
Miller Bauzeitung, Vol. 108, No. 4, July 25, 1 1936, | 35- 
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the next essential to be is the foundation. It is 
not unusual that a setback unit of a levee » Tequired by! some channel change or 
_ yvement such as a cut-off, is constructed in one season or during a few wo =e 
_ months just prior to the annual flood period. Iti is then that a reliable method won 
design to assure stability is fully appreciated. __ 
In the past, one method* of dealing with a nw foundation w here the lateral i a 
- flow of an unconsolidated stratum of plastic material could be expected, was eee 


build up the section and await the anticipated fi failure. After failure occurred, 


the placement of dirt was renewed, and the | process continued until all the soft. 

material was either squeezed out or until the levee had become e stable for other — 

reasons. This 7 procedure 1 required time and plenty of resources. ie ‘An. empirical 


was s developed prob 1933 for the of f berms, wi hich to be a 


= 


a 


we ~ 
Co 


5 


contributed by Leo J irgenson? it possible the 

< created by this type of structure. Either the quick direct ‘shear test, or the 
squeeze test, on specimens s from undisturbed ‘samples, can be used to obtain the 
ultimate strength of the material in situ. With these data it is a relatively me 


simple matter to determine the stability of a foundation or the 


‘ment of the design to give the factor of safety desired. 


tions oft numerous earth dams in the Ohio. Of the 
units, founded on similar material, one had been fe ound stable and the other two 
had experienced complete failure, due to the over-stressing of their foundations. 
The first. of these | units was constructed after 1930 and the latter any prior to | 
The ar ac indicated by the analysis of f the first two units appears to ee. 
justify confidence i in this method. Although that for the third, Milliken Bend, — eae 
ani nit appears. to fail in proving the desired point, it was the only one of the a 
group whose “original cross-section departed appreciably from the triangular 
he analysis applies to triangular cross-sections. A c comparison of the 
3 computed values of shear with those measured in models by photo-elasticity 


- hows 4 a variation of 1%, 2%, and 30% for the units in the order shown (Table 


(1987) 1 no ‘difficulties have arisen. . The structures have been satisfactory, in 


every respect when the basic assumptions have | been met. 

ge ‘The Improvement of the Lower Mississippi River for Flood Control and Navigation”, a D. oO. 
_ Elliot, Bulletin, U. 8. Waterways Experiment Station, May 1, 1932, Vol. 2, p. 177. on PERE 


Application of Theories of Vl and to Problems,” 
Jirgenson, J. ournal, Boston Boe. of Civ No. 
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~e ‘Settlement i is an important factor i in levee construction, as it is in building 


construction. r However, the effect is quite different, for little. damage, if any, is. 
experienced | by a levee through its settlement. . The principal benefit from ‘the 
predetermination of this factor is in the economy effected. 4 A reliable estimate — 
permits the gross grade to be adjusted a at the time of initial construction to allow 


for the settlement. hus, no subsequent enlargements are ‘necessary to main-’ 


on the desired 1 net section or grade. ee It has 3 not been unusual for ' these struc- - 


may y be during a a major flood. This 
protection is is in the form of sand —— or eeu boxes placed i in depressions cause 


‘TABLE 2 —Sarerr 


Bastc Dimensions, IN Feet|Increasein| 

caused by stress, | strength, 
Name. of Depth of | structure, in tons in tons 

Base ‘underly- | in tons | per square | per square 


| Milliken Bend Levee..| 37 | 


27.0 


t After this levee failed the section was ‘successfully 1 re 
changing the factor of safety to 1.16. 
Structure failed, as was to be expected. The structure wax successfully senemnteuated tos a new ww base 
idth of 416 ft, the factor of safety to 0.80. 
8 The detection of portions of a new unit in which excessive settlement may be 


expected i is not a difficult matter. . The site of a proposed unit as well as the 
borrow-pit | areas are explored | in! a routine manner | by borings, prior to the 
completion of the initial design. Adequate samples are taken during this « 
ploration and subjected to tests as described later i in this paper to check the 


general condition of the foundation, 1, and to detect both the extent gers dept be Ss 


_ data from the consolidation tests | of a few well-selected uniletinbed samples, i a 
sufficient to form the basis of an adjusted gross grade. The method for je. 


termining the settlement of a a levee i is illustrated avenseeeece in a the e solution of a 4 


Valley, and its control, have formed the e bases for for the design of the standard i 


sections | previously described. It has been assumed, on the basis of past wih 
‘perience, that the topmost flow line of seepage through a ‘section traveled on 


slopes. of 1on6 tol pear on the material. . The position of the point =i 


on 


— 
— 3 
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a de at the time of construction for E 
ttlement. Of course, hen in addition to this shrinkage a 
hage of the fill. However, when e cost, per unit of fill for 
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sumed that seepage through the structures develop fully the 
5 ow period. In: 80 far as the records to the present time show, the duration of 


this period has not exceeded 120 days, while, of course, the flood waters would | 


serious seepage coming 
the levee section. Although difficulties were experienced with the 
seepage ‘through the foundations at some e locations, this can not be attributed to 
= any weakness in the design of the section. F Pervious strata frequently exist in _ 
the foundations of levees and are the source of some trouble of local nature. 
Control of this excessive | Seepage is achieved by the use of sub-levees, or by _ 
q placing a ring of sand bags so as to isolate the small local spots. Either of these cea lg 
ian of control develops a negative hydrostatic head neutralizing or reducing — Be ; 
4 to a harmless quantity the water leaking through the foundation. Thought is aN 
ie now being devoted to methods of sealing such p sarees foundation s strates so we 
this undesirable > condition may be be remedie 1. 
Problems involving structures founded c pervious ‘material are née 
_ with the aid of models constructed in a glass-sided flume. _ The conditions under — 
_ which these experiments have been conducted were arranged to simulate various 
positions of ground- water. The data from these tests are used to estimate both 
i the position of the topmost flow line in, and the quantity of flow through, the 
;, Be Structures f founded on impervious strata may now be analyzed by methods 
‘such as one developed by Glennon Gilboy,* ‘Assoc. M. Am. Soe. C. E. This” 
4 roblem is usually complicated ag fact that no selection of material is 
xercised i in 1 the construction of a levee. Hence, the usual that 


observation and tests have been made. details of this type of analysis 


importance. The maximum num period of flood as estimated previously is is 120 days, 
ange it is s only fo for a short part of this time that the maximum flood prevails. — 

a: The rate of seepage development has been a matter of conjecture. Some inter- 
esting data have been obtained through observations of the development of the a 


_ at Vicksburg, Miss. These data throw some light on the subject. ‘The dam is - ‘ 


5ft high, with side slopes of 1 on 3.7 for both up-stream and < down-stream faces. o 
It is constructed of loess, a remarkably homogeneous material typical of the ae 


Vicksburg area, and is founded upon the same material. The loess, while 
unlike in some the alluvial soils in the Valley, has, nevertheless, 


4 
ape of the section has been made to contain the topmost flow [ines just 
mentioned. During an inspection of some of the levee units in the vicinity of — i 
r 
te 
an 
ft, 
se 
in structure may be compacted is a variable that will affect 
e flow throu ion. Thi i 
gh the section. This variable can be judged only by experience gained 
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_ the levees, that is, the silts requiring the standard B section. The material was 


placed by trucks ‘in layers 6 3 in. thick, and compacted only by the repeated - 
‘passage of these vehicles. No exact control was exercised over the compacting 


operation. The elevation of the impounded water in the reservoir has been 
maintained at 164. 5 ft Gulf since May, 1935. The dam was con- 


A duplicate set of “observation wells were placed 1 in 


a. structure | at ‘the ‘time of its construction . The locations are shown by 


in Feet 


4 Gravel Bank Blanket 


OF OBSERVATION WELLS, STATION 0 66 


of the trucks over r the shinterial 
are shown by Fig. 5, which indicates that ten months were required for the full 
development of the seepage through this structure. 


results of these observations show that se seepage development is exceed- 
ingly slow, and tend to indicate that for sections formed of relatively i impervious | 


si 


‘materials, silts, or finer, the flow not develop during the flood period. 


Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May ¥ 


squently, sections de igned to comply only the requirements: é 
stability are are ‘satisfactory, I In the past, numerous instances were reported = f 
the s seepage through the standard banquette section did 


three times as 
Bi : 


permeability characteristics similar to a great proportion of the material usedin t 
‘Rts 
— 
— 
| 
— 
— 
— 
— 
— 
—— 4 
— 
— 
— 
ae Pox. ow through the present section is two or and, consequently, — Sy 
requires a greater time to develop. if 
the situation of pervious structures, formed of sand, the seepage may 
the flood period. However, a unique method for controlling 


control i is provided by n means of i impervious clay blankets, 3 ft thiek, placed 0 on a 
the river-side slope and extended through pervious surface strata into an ex- — 


- tensive impervious stratum in the foundation. © Information as to the effective- 
‘ness of this control is _ provided by observations made by the U. Sa 


District Office, in Vicksburg, of the pervious levee closing the gap formed by a = 
the famous Mounds Landing Crevasse that occurred ‘during the 1927 flood. 


‘?: These observations were made before and after the placement of the clay 


blanket, that is, in 1933 and 1937; the crests of the floods of these years ae x 
ithin 0.5 ft of the same elevation at this unit. hia he Seepage, as collected and — 


measured by a system o' of weirs at the land-side toe for a part of the levee, 920 tt 


long, was 0.3 cu ft per sec in 1933 and 0.06 cu ft per sec in 1937. The atmos- > 


a pheric conditions during the 1933 flood were not the same as those that existed bisa 


in 1937; that is, the precipitation in 1937 was the greater. Consequently, part 


of the measured | seepage | of 0.06 cu ft per sec may be attributed tod ee of 7 


has been written recently. However, the attack of this problem becomes uae 
through consideration of several essential features: Location of levee, e, source - aad 
materials, placement of materials, and control of seepage. 
ee Unfavorable locations along a line, as far as foundation ‘conditions are con- 2 
‘cerned, cannot be avoided as readily as by shifting a dam up stream or = a 
stream a short distance. — Deviation from the shortest practicable route, to 
avoid ¢ crossing filled sloughs or r lakes, increases the cost of the structures tre- Ss 
-mendously. Furthermore, the local interests, who are naturally desirous of 
obtaining protection f or a maximum an amount of their land, contribute toward the 
cost of the levees. a _ Consequently, t their desires must be given consideration tor 
‘complied with so far as is possible. Formerly, to simplify the enormous 
task when extensive programs have been undertaken, sections, based ‘upon em- 


- pirical designs, have been standardized with ample allowance for local “ sore 


: = in the foundations, both as regards unstable conditions and | excessively — 


pervious materials. Now, it is possible, through the application of soil me- 
chanics, to alter the. eden’ to fit the conditions encountered. ; 


The material adjacent to the river-side toe of the levee must be used for its 


: construction, whether it is sand or clay. The principal reasor reason for its use is the 


economy effected. _ The use of ' the material directly ‘opposite | the section mini- 


er-haul. The borrow: 

the material i is For the enlargement of ‘sections, this 1 results 
in even greater savings than for the original construction as the borrow areas _ 


have already been adjusted. In — any attempt toward the’ selection 
of material would be fruitless due oned 
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e demand. In some regions, especially the lower part of the river, that 

xy § at hand is just as suitable as any within about a mile. This si i ii 


it necessary the on basis of the weakest of available 
‘materials. _ Although this often requires large sections with flat slopes when 
compared to some dams recently designed and constructed, the problem i 
_sélied is important that no borrow- -pits or r excavations be made > adjacent to the 
levees on the land-side to expose pervious strata extending through to the river 
os side. Exposure. of such strata invites trouble from increased under-seepage, 
iit certainly; and 1 from destruction of the levee ‘structure due to piping, possibly. — 


Although, i in some instances, borrow-pits I have been made on the land side, they ; 
- Control over the placement of the material in levees, in so f ar as its condition 3 


actual beginning | of efforts to control compaction. To 

costs, it has been n necessary to minimize the restrictions on methods of construc- 
tion. If the compaction of the material had been undertaken, it has been 

3 estimated that a direct i increase in cost of about 4 t to 6 cts per yd would have 


some ‘ones... ook an increase has not appeared to be justified for structures 4 
designed by empirical m methods. _ Then, too, no selectivity of material has 

exercised in the past, , and, as the compacting of materials depends to #0 


Tractor (wagons, tractrucks, or trucks) 


neel rtainty as to the condition 


= in earth dam construction, make the design of these structures difficult. 

‘For instance, the cohesive strength, as used for the design « of side | slopes, is 

~ usually neglected completely when it is known that ¢ draglines or cableways are oF 


to be used for the construction of a A unit. pried 


The control of seepage 
si feature. of their design. This! has not been due to a demand for the conservation 


aS of water, as is s generally the case for dams, but because of the manner in which * 


been constructed. application of the criteria in current | use has 


duration of the flood d periods are relatively short as compared to "the periods of a 
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‘the materials used and, in addition, to estimate the : seepage and its effect on von 2 a 


» 
The of levee, whether based upon empirical or 


ium. Consequently, th the first step is to ex- 
"plore the materials in the borrow-pit a areas by n means of borings, so that definite 
_ information concerning the available material al for construction w will be at thand. — 


The material to form the foundation for the structure must be explored na 
‘8 a. manner. 3 The current practice is to make a system o of preliminary b bor- 


the “volume of material for the adjacent to their 
location. In addition, borings are made at 1 000- ft intervals along the © center ae 
line of the ‘proposed directly opposite those in the borrow-pits, to explore 

the! foundation medium f for s sufficient depth to assure the non-existence of un- 
consolidated a and apparent unstable material. W hen such a condition is indi- 


cated by | the preliminary borings, or r the features of the terrain, er 


spacing may be reduced to intervals of 100 ft. 
The borings for the exploration of the borrow-pit areas and foundations are 
generally 3 or 4 in. in 1 diameter. — They a are made with earth augers operated by 
oe. It has | been found that this means of exploration is practicable, ‘per-— 
a mitting the use of unskilled labor and re requiring very simple equipment. "The 


: bn _ Samples of the material are obtained directly from the augers as the =. 


progresses and preserved in ‘pint fruit which are ‘properly labeled for 
identification in the classification laboratory. 
. For the situations requiring - special consideration or where no experience 
_ has been had with the materials, a primary system of borings i is made to sup- 
plant the preliminary system just described. The purpose is to provide samples: 
for analysis of the strength of the materials in the borrow-pits and foundations. 


These samples are obtained from (6-in. wie using special equipment de- 


work to. prevent ‘the | caving of and to the 
round- water; thus the materials are sampled “ in the dry”, "The device used 


former Committee | on . Earths and Foundations of the Society by Professor, 
Gilboy a and the writer. ‘The details of this device are shown by Fig. 6. 


descriptions of the: technique 0 of boring and sampling, for both the 


9 Proceedings, International Conference on Soil Mechanics and Foundation Eng., iar A-23,by8.J. 
uchanan, Vol. 2, p. 72-81, June, 1936; Technique of Soil Testing”’, by’ J. Buchanan, Civil 


| 
— 
— 
— 
— 
| 
an 
— 
fi 
n 
— 
e lm 
— 
t 
— 
AD, 
— 
— 
— 
» — 


of material obtained by the are sub- 
a to classification tests, both as to kind of material and general condition. _ 
_- experienced technician, trained in this work, first classifies the material by | 
_ visualinspection. The samples are then grouped and such. mechanical analyses: 


_ and water content determinations as are necessary | % 


are made of representative y 
i members of these groups. Whenever a question : arises as to the correctness of of 


- visual classification , additional tests are made to dispel ‘any ‘uncertainty. ‘The 
Atterberg limits, liquid and plastic, are ‘made of a few selected samples so that — 
ae an index of their general condition, in ‘situ, may be had. Thus, the general ~ 


natures of the | materials available for construction, as well as of those in the 
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strengths of the m: materials byt sof a -representa- 
tive specimen. oy The delayed shear test for ascertaining the angle of internal a 
friction, d, and cohesive strength, ©, as required for tl the design of the side slopes 
of the structure, are made of a representative specimen of the borrow- pit. 
materials. Complete descriptions of this, and subsequent tests mentioned, are 


available elsewhere.!?_ The maximum side slopes of the structure are thus 


stablished. _ The strength of the foundation is determined by quick, and : 


"squeeze, shear tests of undisturbed ‘samples | of the cohesive materials in this 
medium. Then, the e combined consolidation-permeability test is made that 


the settlement and _under-seepage can be estimated. a ‘The: final | shape of the a 


structure is established, on the basis of information éetained from the latter A 


“*Laboratory in Testi Soils and Sediments”, Bulleti 
Novemb 1, 1936 
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he fot res of the problem to be considered are: 


PY bac of natural ground surface at the site, in feet (mean Gulf 


material is a clayey silt, oer are as 


‘Unit weight, in pounds per r eubie foot, Ww when | placed (judged an 


8, that the only in so far as strength is 


Els 376- 
ind 
10. 7 


is ‘the between Elevations 344 and 331. 


from this material are shown as follows : The strength of this material, in _ 
(quick shear tests), equals 0.155 ton per sqft ft. Its consoli ; 
characteristics are as shown i in Fig. 9. 
- Design of : Side ‘Slopes.—In the computations for a a slope of 1 on 3. 5, ney 


sition of the center of ‘Totation | and the a of critical are are both ee 


4 


7 
for maximum designed flood, in feet. .. y tractors)... 15 
for shrinkage (construction by tractors).. 15 
Bz 
— 
Percent 
ial 
Cohesive strength, ¢, in tons per sq ond (result of tests)..... 5X10-*. 
Fig 
— 
é 
. _ The weight of the material in the structure is assumed to be 100 Ib per cu a oe % 
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: Factor of safety = _ 120 790 tan 19.4° + (0.13 x 0.20 


The factors for other are 


Foundations. —Probable : settlement i is in the following steps: 


The increase in ve rtical pressure on the foundation, ‘in tons per Ag 


oot (| 34.5 X 100 


— | 


a 


has been previously consolidated from 


(4) Void- ratio corresponding to final condition. . 64 


(5) ‘Thickness of stratum, in fe feet 


3.0 


A recheck of the leh: sti the 1 new gross tine (37. 5 gives ‘a new 
value of 3.1 ft, which is sufficiently correct for the ‘purpose; and a recheck | 
of the side slopes shows the factors of safety for the new condition practically sh ; 
| 
stability, of the foundation i is determined as as follows: 


Thickness, da, i in feet, of plastic 20 zone in 1 foundation (see 10). 
(c) Measured strength, tons ‘per | square foot of foundation (test 


square foot, 
op Base width of structure “eee by, in f 
— . 


Ratio of horizontal to vertical side slope required, allow ing! crown 
width of 10 and height of 37.5 ft (- 


Bide. slopes of 1: 4.5 are necessary because condition, 


a - Superseding the 1:3.5as Tequired for the1 material placed i in \ the st structure proper. 
; _ Had the standard side slope for the B section, mn, river-side s slope 1:3.5 (see Table igs 
been, the factor of safety of the foundation n would have been 0. 


ry 


- Seepage.— —The factors involved in determining ‘the height of emergence of 
1; the topmost flow line above the base of the levee (using basic equations advanced _ 
by Professor Gilboy) are: H = head of water to be impounded; a= angular 
inclination | of land-side slope; b, - = horisontal distance from land-side toe of 
section to vertical Projection ‘of intersection of Tiver-side slope with water 
surface at a height, H, above the base of the structure; and mH = = ‘the vertical — ee 


E distance above the foundation of the outlet point of the topmost flow line. a 
Progress of Special on Earths and Foundations, Fresesdingn, Am. - Soe. 
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‘These factors are connected by the implicit function (see Fig. 10 


— gana .. 1 1 — sin? a 


m cot a — msin a log, 
we ‘The solution of Equation (2) for the value of m, using known values for the 
b, H, and a, establishes a value of 0.34. The height of of emergence: above 


base is equal to m H = 0.34 X 29.0 = = 9.9 


The quantity of seepage per foot length of levee per second is — 


X 9.9 X 0.217 

= 0. 0.35 ) X 10-* cu ft per sec per ft of levee, « (or 0. 11 cu ft per min per mile of Md 


ime The present | levee ‘system for or the Lower ‘Mississippi Valley was designed and = 


~ constructed at a time when the science of soil mechanics was ‘ ‘in its swaddling i 
clothes”. The “system as a whole has proved satisfactory under the test of i 
actual use. However, , the empirical methods of design were based ‘upon long : 
_ experience » with such structures, the heights of which have i increased as hav wil 


the consequent stresses developed. For ‘subsequent improvements, ‘such as 
eatin enlargements or changes i in locations that may have become necessary, 


~ economical designs may y be predicated upon a strength- versus-stress basis, to 


ies better advantage. Time and funds are no longer necessary to develop empirical — 4 
designs. The fund of knowledge available le permits the problem to be attacked 
by this n new method which has already “ “won 1 its fighting pants” in other fields. : 


The net effect of applying knowledge gained through soil mechanics appears 
See oo to be toward the elimination of such | practices a as actually producing failures of : 


ake - foundations and later repairing them. Also, it is indicated t that the size of the 


AY: sections may be reduced safely through steepening of ‘the present. standard 


slopes. For new units involving materials with which there has been 
no experience, savings in 1 time and ‘cost are possible through the application of 


mechapies. 


Substituting the proper values in Equation (3): ar 
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QUABBIN 1 DIKE BUILT BY HYDRAULIC 


STANLEY M. 


The thorough investigations of materials: available for earth dam con 


struction f urnish not only proper i information by which t to decide te 


ontra to bid Buch bi bidding ‘toward. 

proper § vision of the construction of a full hy¢ hydraulic-fill ¢ is of 


primary importance. The engineer strives to have the structure built safely 
BE. and economically, at the same time secu uring the best quality, the materials 


available ‘and the difficulty of : securing | and placing them being carefully con: con- 


The control of construction opera ations _by the engineer to. obtain 


satisfactory results i is toa large extent laboratory 
See fee and ee of samples from the borrow- “pits and from the shoulders and the core 


esi 
solidation of the core t 


ring an cing operat ions. . As far as is know 


consolidation during con 
method presented herein which 
ated on the Qu abbin Dike. This m nethod may be usec ait 


estimating core core ¢ consolidation. on @ nother project when certain laboratory test 


‘(eapacity, 415 000 000 000 gal), will be a main 
Both are full hydraulic earth dams, the former being 2 640 ft long, 170 f ft high — 
‘above the old river bed, and containing ; more than 4 000 000 cu yd of embank- if 
‘ment above the original surface, and the latter being 2 140 ft long, 135 ft high, 


and containing 2 500 000 cu yd. A typical cross-section of the Quabbin Dike i is - 


Associate Civ. Met. Dist. Water Supply Comm. of Boston, Mass. 


Bee Bet New Water Supply,” by Frank E. Winsor, M. Am. Soc. C. E., Civil Engineering, 
Metropolitan Water by Karl R. Kennison, M. Am. Soc. 
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The qu | 
to either the Main Dam or the Dike were first is ieventieanedl by 2. 5-in. bore holes = 
laa by test pits, 6 to 10 ft deep, dug by hand. _ The bore holes were driven to 
reasonable e depths to ascertain the > extent of the earth cover, and dry samples, at 
‘aa least ¢ every 5 ft: apart vertically, w were taken from each of them. _ These holes” 
ae : were located frequently enough (generally at least 400 ft apart) to serve as a 
good index of the materials in the area. %A ‘The bore-hole investigation also 
revealed very approximately, the number and size | of boulders to be e: expected. 
The test pits, to supplement the bore-hole program, were located on hillsides 
in areas where the earth cover was known or expected t to be thin. Samples 


from both places were tested for grain s size, , permeability, and porosity in 1 the 


each area, to d determine the quality the cost of the structure tha that 


_ Areas that seemed to be promising, { from the standpoint of F quality ¢ and cost, a 


ae 3 borrow a area. "The excavation of each cut was continued into the hillside or 
slope until a face from 20 to 30 ft high was opened, a and representative sa samples 
were tested in the soil laboratory for | grain size, permeability, and ‘porosity. 

is The cost of f these cuts averaged $1 200 each, four being made for { the Dike and > om 


“2 f7 ten for the Main Dam. “ Large cuts of this nature offer a very satisfactory 
ae exhibit to ) indicate to to the prospective | bidder the type of materials to be > ht 


bidder’ mind quam of the as to She of 
is 


, in to the 

shown in ‘Mg. (12, where they were washed 

Me dows 0 on to the Neha of the bin with nozzle streams, the finer particles g going 
2 a pool at the end. 1. The test subjected the n materials to working conditions - 

similar to. those encountered in actual construction. The qualitative and 

quantitative properties of th the materials considered for hydraulic-fill construc- 


_ tion, can be studied more extensively on the basis of tests made with this bin. 


-sluicing bin, and the results can be taken as of the properties of 

hydraulie-fill embankment that ‘will be obtained from. that borrow material. 
«.. larger yield of suitable core materials i is required fc for the upper parts than for 


the lower parts a a dam. The: tests — which ’ 


| 
| 

— 
uncertainty, the sum that the careful and preferred bidder adds to oftset his" - 
— 
in the construction. For example, by measuring the quantities of materials 
and the quantities deposited in sections of the sluicing bin corresponding 
# ea ot the beach and core sections of the dam, estimates of the yield of beach and § ‘ 
core materials from a particular class of borrow material can be made. Further 
= more, porosity, grain size, permeability, specific gravity, and microscopic tests 
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‘material or mixture of is the proper o ne to use in n any r 


-- The results of these investigations aided appreciably in the study of “a 

GN: methods of building each — embankment and in estimating t the costs of ye 

eS various layouts. The methods that seemed satisfactory and feasible, z+ 


~ 


Be i practicable economically, were offered to the bidders a as suggestions, only to 

aid them in tendering a fair and intelligent proposal. After the contract for 
5 dam had been awarded, the successful bidder was required to submit for 
~ approval his own plan of operation, which ‘might, | or might not, be one of those _ 


Fete 


an 


samples obtained from bore test pits, or cuts are valuable 


influencin the design of the dam or the layout of the construction lant, and 
a a ack the proper design | and the } prices obtained in the construction contract depend — 
to a large extent upon an adequacy of these ‘samples. The ‘Soil Laboratory 4 
enhances the value of the samples by analyzing the properties presenting 
results i ina classified summarized manner so that the results can | 
Approximate:Li ‘Limit of Size for Pumped Materials 
For Each Size 20% of 3 
§ 
les; 
01 
4.—IDENTIFICATION. oF Dams In Fig. 3 
38 
— California Full hydraulic Linville, North Carolina 8 
| Swinging Bridge,t New | Tieton,t Washington |Semi-hydraulic 
=| Dwinnell, California ‘a Full hydraulic | Magic, Idaho Semi-hydraulic 
4 | Davis Bridge, Vermont | Semi-hydraulic| 12 | Alexander, Hawaiian 
5 | Somerset, Vermont Semi-hydraulic Islands Full hydraulicf 2 
7 | Paddy Creek,t Massachusetts Full hydraulic 


‘Massachusetts Full hydraulic 
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* See Fig. 13. Average of tests. slip. § Serious slip during 
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“difference of opinion that accompanies the visual examination. soil labora- 
tory results and the classification of samples for various dams : already built are a a 
a 


Fig. 13, with Table 4, shows a comparison of grain-size analyses curves for _ fe 


_borrow-pit materials used in Quabbin Dike with those for some other large 


available, comparative studies can be made of the materials available for 


7 dams. A “full hydraulic” dam is an earth dam built by transporting the 
r < ‘material on to the e dam by pipes or flumes, in | suspension in water and a EA, ; 
A “gemi-hydraulie” dam i is similar to “full hydraulic” except that the material 
“'—. _ js transported on to the dam in some other 1 manner, , usually i ina ee dry” state in La os 
To control the deposition of material i in a hydraulic-fill dam is a complex 
e process, and many features must be properly co-ordinated to obtain the best 


results. The analysis. of ‘“hog- box”’ samples and of core and beach ‘samples at 
regular intervals i is & valuable part of this control. Periodic tests for grain size, re ees 


geianallliag | ‘and porosity give indications that the structure is, or is not, eo 


B being built satisfactorily, and they reveal the “properties of all parts of the se 


the analysis of the hog-box x samples the builder i is enabled 0 anticipate 
the borrowing operations, and the engineer is enabled to regulate them | proper Al 


ia so that ‘poor | construction conditions and results may be avoided. These — 


analyses indicate, directly, to both builder and engineer, any lack of ‘ 


for the shoulders or of “fines” for the core, any presence of too large a quantity 


of any one size, and other unsatisfactory size conditions. — Any conditions of ie 


size deficiency or excess can be remedied or corrected as soon as it is indicated — 
by the laboratory analyses, by borrowing materials of differently tested — a 
characteristics from other parts of the borrow area. 


oa analyses of core samples, taken at frequent intervals from the dam 
: itself, indicate definitely the existence of any coarse tongue or intrusion into the en 
core or fine deposit i in the ‘shoulders | so that corrective measures may be taken — 4 ie 
before construction advances too far. By « co- -ordinating the result of rod-pipe 
kena made along the edges of the core and pool with the ‘size analyses = a 


4 
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at 
ao 
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co 


grain-size test acts as a constant check on his If these tests are 
‘4 made reasonably close (say, every 100 ft along the edges of the pool) and are - Hf i 
supplemented by the rod- sounding work, unsatisfactory conditions can ean be 


a Glacial sands and gravels usually have such high ‘internal frictional resist- 
nees, that shear tests are not necessary to the design, because a conservative — 


16 cross-section obtained by using reasonable ‘up-stream and down-stream slopes 
no ormally has ample volume and weight to withhold the pressures from the core si 


Ee during and, of course, after construction. — For some types of materials, such | as 


Dale 


Wak 
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i 


obtained | fom alluvial shear tests be used extensively 


to determine the qualities of the shoulders of the dam or the foundations under ‘ 
‘it, andj in such cases the Tesults will control many features of the design. ~ How- E 

ever, an occasional shear test for an any type of material is a valuable check of the 
suitable by visual inspection. In the case of 


_ consolidation of the core material, the safe rate of progress of construction and ¥ 
eta the rate at which the width of the core can be decreased safely c can be controlled — 


. 4 At Quabbin Dike the shearing resistance of the olf 
materials, even & few days after being deposited, was sufficiently large so that 
eos ie was u unnecessary to limit the rate of | construction of the rate of decreasing ‘ 


Core samples should be analyzed for moisture contents: (or porosity) a at 


Re frequent intervals to determine the rate at which the core consolidates dusting 


construction. These specimens can be obtained by sinking a pipe well into 
q e.. the core and taking samples, at various elevations, in as ‘near an undisturbed 


as practicable. Although the core materials may vary in properties 
Over a wide range, the Tesults the moisture content determinations, in 


At Quabbin Dike a pipe of 0.5-in. plate, 36 in. in was built 


a ae vertically i in the core during the | construction (see Fig. 14) and this well was 
— equipped with ports through which ‘h samples can be taken at various elevations. — 


@ oe If desired the samples c can be taken several feet away from the observation w ell 
a * by the use of long tubes. - Samples from the ports | of this well were taken at 


the pool; but for parts core ‘substantially, the drainage i is 
3 mostly horizontal = The edges of the core ‘consolidate more rapidly than the | 
center for two reasons: First, they. are ‘nearer: the coarse, and free- draining, 

parts. of the dam, and the water r squeezed out of the pores: is quickly cr 


ye) = away; and second, they usually contain the coarser of the core e deposits Ww hich 
will yield its water relatively quickly because the permeability « coefficients are 


 Disregarding this more consolidation of the edges, and assuming that 

d from the 

“core material, ‘to effect a certain consolidation, as follows: 
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A 
_ Thickness Painted Inside and 
; of out, Joints, 
" Welded or Riveted to Pipe with 
} Bolted Flange Cover. Cover Drilled 
Observation Ports, ior Sampling and Testing Core. 


——~Steel Ladder, 


Angle 
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iy 


oa 


AND SECTIONS OF OpseRvATION Weu 


+e 
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1329 
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Flanges Drilled and Faced 
and Gaskets Used. 
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se 


in L which @ = the rate of discharge, in ante feet per day; K= ro 


- coefficient of the core material at the given location; H = head of water from 


_ the surface of the pool to the elevation considered, in feet; b = breadth, or 
alle of the core at the given elevation, in feet; A= = area, in square » feet; - and 4 
= time required to > drain the “necessary water to to secure a given consolidation, a 
in days. _ The core material is not of uniform permeability, but as it is deposited an 
horizontal layer ers, the changes in permeable characteristics are horizontal, — 
anda strip the entire width of the core e would tend to have nearly the Same , 
ermeability although different from the adjacent strip above or below. | i" 


4 Although it is known to be a ‘mathematical approximation, , Equation (5) is | 
ae to be ‘sufficiently ¢ correct in making determinations of consolidation — 


that period, the core material h has usually 


em Quabbin Dike indicate the practicability of its u use 3€ (see Fig. 1 


Equation (5) is used as follows: 
(1) Estimate the permeability of the core for the con- 


iF sidered, for varying degrees of porosity or water content. The data for such 
estimation are tests on core material made by the 
t be used, as permeability. 


4 


ies 2 nt ah (3) Substitute AQ for Q in Equation (5) and the proper values of K, H, 

E ie and b. The time, At, required to effect the increment consolidation due to th to the ‘ he 

squeezing out of the water, A Q, can then be computed. 

ia Add the values of A At. The total time required to effect the consolidation — 0 

between n any two given por porosities. can be obtained for the. particular ‘conditions 

of pool level. . As the pool level usually changes | during this period, a time- -pool- ais 


“devel ct curve should be plotted and, progressively from that curve, the | Proper 
ae be used in each increment determination can be estimated. a a 
(5) The beginning of any period considered should be taken when the 
‘material is no longer in’ complete suspension in the water. This state is ne 


re represented by a different porosity for coarser than for finer core materials — 
(about 65%, 60%, and 55% for materials containing 30%, 20%, and 10% less" 


than the 0.01 mm size, respectively). 


_ Fig. 15 shows a series of curves of the time of consolidation. plotted ‘against 
‘porosities for materials of various characteristics found i in the core of Quabbin 
The curves were computed theoretically by ‘means of — (5). 
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: and the use of Equation (5) : should be limited to construction conditions ~ 


/ which the core materials are in a , highly | saturated state, ,and in which the « degree 

of consolidation has not progressed far enough to o permit great support white: 

“ov verlying load to be carried by the solids of the core 


| 


Percentage of Care | Material 
\Less than 0.01 


Elevation of Material in Core! 
Hydraulic Fill Built from x 


"ve any volume « of core materials is transmitted through it in 


two ways: Through the water, which i is compressed and squeezed out as fast as 


es such excess water, through the solid particles of the core. The transition 
om the condition of full load carried by the water to | load carried almost 


- enti ‘ely by the core solids is usually an ‘extremely gradual | one because of the 


slow drainage of the tight core materials. ce However, the average construction % 
condition is such that the entire load is act transmitted through the water. 


This state is one that exists when the solids are suspended i in the water and om 
a occurs only i in the materials in or near the bottom of the pool. 4 This suspended © 


tate is | quickly relieved by vertical drainage into the pool itself. The core 


state such that the solids are not suspended, | but rest 


4 


= 
y 
— 
bin 
5). 


“Tightly up n each ina receiving some , light and partial support , through the 
— beneath. se It i is this condition, or a similar "one, which exists | in the core | 


a a obtain ‘from each other and from those below i in n their loose ‘and unstable state. 
Thu is, the writer believes that this construction consolidation formula 


can be used on other dams for or regulating the 


used it in making less conservative ve shoulder d designs, in those instances, than 


After the pool j is drained : and the excess water is slowly carried awa ay, there is 
a oy a slow transition into an entirely different condition in which support of the load 4 
re _ above is is largely, if not entirely, carried by the core solids. For this latter state, — 

: Mee course, ‘Equation (5) i is not applicable, and the rate of consolidation then a 


cae texture of the core is a fine- grained solid o one; and a condition in which the 
particles will support the entire load above is reached relatively quickly 

E e. after the pool is drained. — Instead of a great number of ‘years bef ore most of ‘the 

consolidation i is secured, tests indicate that probably most of the core is | 
completely consolidated within two or three years. ‘4 Some parts of the core, 
i such as those which have material 30% or 35% finer than 0.01 mm, will probably 
for many years before reaching fairly compact state | approaching 
3 limiting or stable state; but most of the ¢ core, especially those parts with material - 


coarser than 20% finer than 0.( O11 mm, , will reach their limiting s state much more — ‘7 


material finer than 


am 


ben 


15. 


sie side is measured from the time the pool is first drained i. water. hor 


Comprizons made with the consolidation formula’ introduced by Glennon 
Gi Iboy, , Assoc. M. Am. Soe. C. E., indicate that much longer periods would be © 
expected but the result of tests of ‘the core materials. of Quabbin Dike leads 
ow writer to believe that the rate of consolidation of solid- grained | core materials 
of specific gravity of 2.6 to 2.7 ‘similar to those 1 in Quabbin Dike will be much — 
more > rapid than Professor Gilboy’ s formula indicates. 
‘The consistency of core | materials in a hydraulic ‘fill when a fairly stable 


state of consolidation is reached, has. been. the si subject: of ‘much discussion. 


Mechanics of Hydraulic Fill Dams,” Glennon Assoc. M.. An. Soe. C. Journal, ‘Boston 

o Civ. Engrs., July, 1934, p. 187, 
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Ps a ere. the reason why H is the head of water. The excess weight of the liquid core | EZ 
i | Bs 
= 
fr a silt, or rock-flour core such as that at Quabbin where the | 
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size 25% finer than 0.01 mm, or coarser, sie dite inte will be at least that of a 
stiff putty. Even the finer portions will be in a putty-like state, but softer; 
and there will be no such condition asa ‘permanent liquid } or semi-liquid core 


_ The impression | that the lower parts of the core consolidate more quickly, 


due to the pressures s from s above, is not. entirely true, | because the width of a 


eed is narrower near the top: and consolidation occurs quickly at low pressures 


because the ‘excess water can goon reach the shoulders. 
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Calaveras, California 
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i tions to dutirmniné the porosities es of core re samples sealbadn that after the pool 

_ has been drained, the rate of consolidation is fairly uniform throughout: ‘the 

core and that pressure due to the e depth does not then cause faster con- 

_ solidation in the lower sections probably because, with the greater 1 width, a 

. relatively longer time is required to carry away the excess water even if it . 


aor qualities of the hydraulic fill obtained from the borrow-pit materials 
he, ton . indicated in Fig. 13 are summarized in diagrammatic form in Figs. 16 (with 
Table 5), 17, and 18. Fig. 16 with Table 5 shows also a comparison of the core 
ae "material of Quabbin Dike with those of other similar structures. More than ; 


000 ) samples” (4 500 the core and 3 500 from the beach) were analyzed 


ad 


these samples finer al the 100-mesh sieve (0. 149 mm), the 200- mesh sieve 


(0.074 mm) and the 0.01-mm : for locations in tise core and s shoulders 
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The quantities ra water that will seep through the earth core of Quabbin | 
‘Dike. will be extremely s small, but estimates 28 were made 1 to determine reasonable — 
‘requirements for water-tightness of the core materials and reasonable dimen- 
sions to which to build the core, the qualities of the available borrow materials 
“considered. The flow net ‘method’ \ was used in these estimates. consists of 


establishing the e location of the seepage flow lines, from them determining the 


4 


 equipotential loss-of-head lines, and computing the seepage from the latter in 


— terms of the assumed permeabilities of the core and beach meter, THe 


esult is expressed i in terms of K, the “coefficient of permeability o of the core 
% ‘Inaterials; and by substituting the values of K that are considered as reasonable P 
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in the seepages for different of cores The 
locations of the flow lines were made by “ “eut and try” methods, 


by Hibbert | M. Hill, . 


Permeability After Complete Consolidation: and 
(at 40% Porosity for Core Samples) Million 1000000 to 2000000 
Gallons Dally ow Acre at 68° FforSlopeofl 
itial Porosity i in Place (Percentages) — 
Effective Size in Millimeters (10% 
Grain Size in Millimeters__ 


Percentage Finer than 200- 


Sieve (0.074 Millimeters)'\ ‘© 


0.007 60 to 65 2000+ 


Percentage Finer hen 
0.01 Millimeters— 


his model wa was small Ww water-tight teak: with heavy plate-gass 


front (see Figs. 20 and  Asthe beach materials are many times as permeable 
asthe core, the slope of the flow lines up stream and down stream from the core are ; 
x. exceedingly fi flat; and a satisfactory « check on the location of the flow lines can be *, 
by finding their position in and through the core itself. For 


-‘Teason the sections tested were those of the core only. . Several sections of core ¢ 


we ere considered, and their patterns were cut from aluminum plates about 0.1 in. 


-formly short from it by metal shims. It wa was backed up by 
wooden, water-tight bu bulkhead which divided the tank into two parts. +. Water pt 3 


4 ‘to the oniilins reservoir level was maintained in one-half the tank and to >the y 
equivalent tail-water levelinthe other half. 
The first tests showed that laminar or stream-line flow was obtaine 
- throughout, when the spacing between the glass fi front and the core plate was 
a .006 in., or less, ¢ although a spacing of 0. 0121 in. could be used with only a ssmall 


cap smount of turbulent flow occurring near the caisson cut-off. _ For greater 
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spacing the ares of. in As the 
through» soil is laminar or stream-line flow, the spacing during testing was 


Data Plotted From ot: 
: j—3300 Beach Semoles _ 
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difficulty was experienced v with air bubbles and with capillary ‘ction 
near the top of the core section. The former was controlled, to some extent, by _ 

¥ running the water until the temperature of the tank was the same as that of the 

4 water. The latter was eliminated by use of a metal shim, shaped experimentally 
to reduce the effect of capillarity on the flow lines without « depressing or other- 


tes 


¥ 


— 
top core near the water level and prevented any water from 


raised into the space “ine the glass above the upper norma 
laminar flow line, which was determined experimentally, BAS 
; As Figs. 20 and 21 indicate, a dye was introduced into the water through 
ae openings just up stream from the core plate. 1 This dye would travel 


4 


3 


ee The core re section finally chosen. aig ; 100 ft wide at an elevation of 120 ft 


below the full reservoir level, with side 100 approximately 3 on 1. 
_ ereasing this width of 100 ft to 120 ft would have reduced the seepage _— 
fe about 771 decreasing it to 60 ft would have increased the seepage about 33° 
fo per cent. Because of the very small seepages considered, the width chosen was 
determined principally by the more important factor, the probable minimum = 
of suitable core material from the available borrow 


= 


of Estimate . These estimates led to the development of a , nomographic — ro a 
Fig. . 22) for in a short time the rather cumbersome 


= = co- o-tangent of the angle c of the core e slope . with 
horizontal; ; B= = the | angle of internal friction shoulder 


a 
— 
— 
— 
— 
— 
e- pit weight of 


Joyal the dimensions of the core a and beach sections and the unit weight of the : 

; core and shoulder materials are known or “assumed, the internal friction or 

ae a shear value necessary for stability can be estimated quickly from the chart; ; OF, 

_ if the qualities of the shoulder and core materials are assumed, the outer slopes s 
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Values 


(6) i is on assum n that the core is 
_ which i is considerably on the safe side; but if the estimator has data ‘upon which 


7 base an ¢ assumption that only s some fraction of the full liquid pressure is being 
developed for the conditions it in 1 mind, ‘Fig. 22 can still be by 


and the corrected value of ry in the graphical 
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will be noted that and CQ are the ‘usual slope constants, 
the ratio of horizontal run to vertical rise. Thus, an _ outer slope of 1 on 2.5 a a. 


* - corresponds to a value of C,, equal to 2.5. Values of Ca are indicated on the 
~ geale on the left side of | Fig. 22; values of Ae are on the scale of the right side. a: 
oe ‘The procedure fc for using Fig. 22 is as follows: Assume that the e width of core 

i at Elevation 410 was 100 ft and that the hydraulic- filling has progressed to the ey 


point at which the core has reached Elevation 450 with a width of 69 ft. This a, 
_ corresponds to a core slope of 1 on 0. 387, which, if. continued upward, woul ‘ae 


intersect the center line at Elevation 540.5, from which point the outer slopes aS 


& are closely a approximated by a line having a slope of 1 on 2.76, as shown in 


oss Assume that the ratio of unit weight « of, core to unit weight of shell is 1.1 and ; 


- that the angle of internal | friction of the shoulder material is 45 degrees. — ae 


— 


Horizontal 


desired to determine whether the section is stable. 

H A straight-edge is placed on 2.76 on the scale at the left and on 1.1 on the ee ate 
as 5° line in the center of Fig. 22. This intersects the right-hand scale at 0.7 and _ oa 
p 4 indicates that for the conditions assumed the section is stable, since the values — ae 


of A, in the right- hand scale are maximum values for stability. 
the values for C, at the left are minimum values. __ 
is The beach materials at Quabbin Dike it in the outer portions « of the shoulders 
z ptt as much as 135 lb pe per cu ft and average probably : about 120 to 125 Ib 


ee cu ft. The core materials | weighed about 100 lb per cu ft when first de- rag: — 


Cotangent of Angle of Core Slope, with the 


posited and from 110 to 125 lb ) per ct cu ft when the dam was completed. Ss Pee 


c= 
= 


<= _ stability based on tl the assumption of full liquid pressure { from the ne core, anin- © 

3 Me - ternal friction angle of less than 30° in the shoulder materials was required. Pee 

Le These shoulder materials had a tested fr friction angle of of more than 45 degrees. Re es 
3 The w: writer wishes to acknowledge the aid of of the Engi- 
neering Department of the Metropolitan District Water Supply Commission, 

Zz of which Frank E. Winsor, M. Am. Soc. C. E., is Chief Engineer, and Karl = 

M. Am. Soc. is Assistant Chief Engineer, in th the preparation 


‘data used in connection ‘with this paper. He is particularly indebted 
Clarence Day, Assoc. Am. Soe. C. E., in connection with work on 


model, Coleman C. McCully, Assoc. M. Am. S oc. C. E,, in 
With work on the stability diagram, Jerome L. Spurr, M. Am, 
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analyses nadia in connection with the design of two large rock- fill 
nkments proposed as of the now discontinued Passamaquoddy Tidal i 
ae 4 = Power Project, included certain unusual studies of stress” distribution in 
| clay. foundations: and the ¢ haracter of embankment settlement resulting from. 
foundation over-stress. t of these studies, which is herein, 
is ‘intended t to describe the general nature of the findings and to draw attention 


nalytical methods (which, at present, 


tind’ in which a condition of over- 


of a 

‘are chiefly concerned with instal kments so as to ‘prevent over- 

the clay type of foundations) to ne ew 

stress i is accepted for € economic reason: 8, and the extent of the resulting « 


‘ment settlement is as the basis for cost estimates. 


_ Inthe fet of Soil Mechanics, which itself is a new and ipinbilent branch of i 
Civil Engineering, a a certain degree of internal specialization already seems to be § i 
vin h progress. >. One of the most recent manifestations of this process is the rapid 
e chiefly concerned with the oo 


involved i in 1 the construction of large earth or rock- fill embankments. 


4 


stable. This of the physical 

= shearing strength) of the foundation and embankment material ; ; then, 
a calculation of the stresses created within the embankment and extending from 
ig - the embankment down into the foundations; and, finally, a judicious comparison 

me of strength with stress in the light of past experience and a full realization of the 
- limitations of the analytical methods and the test data which he had used. ie 

Both experience and theory no now seem to indicate that analyses for stability 
ee widely in n character and complexity 1 with the type of material encountered 
in the e underground, a ,and the nature ‘(that i is » both 1 the material and the design) 
of the embankment. soil over-burden ata dam site is generally either 
‘eae é predominantly cohesive or cohesionless, and most embankments, with particular 

ry. vgs reference to their so- -called ‘impervious cores, may be classified in the same 
manner. The four possible combinations of conditions resulting from such 
q os. classification represent four fairly ; distinct: types of problems, each of which 
requires a certain degree of special treatment. Additional complications are 
i _ introduced by the various methods of building embankments, such as rolled 
uF or hydraulic fill, and if. rolled, whether compacted to a high or low "relative 


The scope of this paper is limited pea a certain 
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which have relation to a definitely y cohesionless uncompacted ‘embankment 
founded on a a relatively uniform, cohesive foundation. Methods of laboratory 
testing, model studies, and analysis of data performed i in the U. S. ‘Engineers _ 
Soils Laboratory for ‘the Passamaquoddy Project described, since it is 
believed that certain experiments performed there may point: to a new con- 
ception of the action of embankment foundations. work done at 


fill Me, on this problem was predominantly of a cndtiedine nature, and it is hoped 
lal that the > findings as reported herein will “— further and more detailed 


Dams, these structures were intended to close two channels or passages br between 
yer the ocean and the waters of Cobscook Bay, ‘the high level pool of the _ proposed 
nk- power development. ‘he unusual difficulty lay i in n the fact that each of these 


A , channels w was approximately 3 500 ft wide, that in each channel the tidal i 


Why a In leading u up to the subject of this paper, the following jietehitien of the 
es ‘dling operations in the foundations is given as a matter of general interest. 
nt, In 1 Eastport, the problem of f foundation investigation for the two largest dams — 
"presented difficulty. Known, respectively, a as the Eastport and Lubec 
ress 


‘an | had a 2 magnitude | of about 26 ft, and that the resulting flow of water occurred © 

* with a velocity sometimes as great as 6 ft per sec. The soil over-burden to be 
.. Lory lay at the bottom of these channels under depths of water as great as 
hof (100 ft, and from a somewhat limited investigation previously conducted, was s 
o be % believed to be predominantly : a a deposit « of soft marine clay. : ‘In thee exploration — 


apid described herein, one actually to Elevation —274.5 before 


a es _ Drilling for exploratory purposes, and to obtain undisturbed soil samples 
ning suitable i in size and character for. compression ‘and shear tests, was conducted 4 
il be from two large derrick- -boats, one operating in in each cl channel. To protect the 


4 


-in. drill casing the force of the tidal currents and to ) provide : a stable 


chen, “support for the drill platform, an | extra heavy | 21.5-in. casing or spud was first par on 
7 erected in sections over the sides of these boats. All guys to the top of the spud re ey a 


and all anchor lines to the boats were led to hand winches, constantly attended 

f the “80 that the spud could be kept vertical and the position of the boat maintained a Pe 
at all times, despite the rise and fall of the floating plant with the tide. 
bility. bottom of the spud was allowed to penetrate the over-burden ‘sufficiently to 


tered. _Bive it lateral stability, while the v weight of the: spud and drilling equipment was 


sign) ‘ _ carried d by a large, circular plate clamped to the spud a short distance above its 


sither _ lower er end so that it had bearing a against the surface of the  over-burden. — After 


we ection of the spud, the drill rig was mounted on the platform provided at ll a7 


same top and drilling was conducted in normal fashion in a 6-in. casing inside. 
view of the barge in actual operation in the Eastport Channel is shown 
which Fig. In this work the importance of obtaining undisturbed soil samples 
me we for accurate foundation studies was realized and close inspection of the ~ a 
dition of all samples was made in the laboratory. Some comment is made 
lative - "subsequently on n the effect of disturbance of samples, a: 


adi "data obtained in th Eastport Laboratory. = 
tudies ‘4 obtained in the Kastport Labora tory. 


as indicated the test, 
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“Routine 


general are to those in in the Soil Mechanics 

Massachusetts Institute of f Technology, Cambridge, Mass. The equipment 

‘gf used for | performing the shear and consolidation tests was the same in principle 
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Engineer Laboratory, in ‘Zanesville, Ohio.8 The shear machine, shown in 
‘Fig. 25, is operated in such a manner that the rate of horizontal strain of the eae me: 
td me during the test is constant. The particular rate chosen for standard me 
tests on clay - samples « of the type shown i in Fig. 26 ws was that which was found to gas 


the ‘most conservative value ¢ of shearing the 


as that designed by: Glennon Gilboy, / Assoc, M. “a Soc. C. E., for the U. 8S. a 


“cohesive a relatively light vertical load was used, in to 


about one-fourth the horizontal pull. Jo effort was m made to determine an 


this point it seems to the fact that most of the 
‘Statements made in the foregoing paragraph touch on highly controversial 
subjects. In: making these statements, it is hoped rather than feared, that 

“they: will, provoke discussion and constructive criticism. Consolidation tests 

4 were performed with-the rare shown in Fig. 27, and the method used for ey. q 


4, 
— 
| shearing strength was allowed as a resu simply tode- 
shearing streng The shear wer — 
construction of the embankments. Th rialatthe 
[site of the proposed struc 
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during the drilling Fig. 
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‘Shearing Strength ( 
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condition exists in the Lubec Channe 


ws- Record, May 3, 1996, 


plotting: test data was that developed” by Donald W. Taylor, Assoc. M 


Shearing Strain (Percentages) 


give an indication of the degree of disturbance suffered by individual samples 


as 


- Am 


Correlation of the data from shear and consolidation tests was found to 4 


. 28 shows stress-strain curves, A and a 


Py lid 


02 Tons per Foot) 


29.—PRessure, 
Curves” 


the sample s should be Tegarded with some suspicion. _ Curves A A and B in Fig. 2 29° 
= are pressure, void- -ratio curves for ‘consolidation tests c on undisturbed. and 
remoulded samples, ‘Fespectively, and also” show noticeably different charac- 


profiles shown in Figs. 30 and 31. information given in these diagrams =| 
a be amplified | by the statement that, in general, the shearing strength of the 
clay i in the Eastport Channel tends to increase with depth, whereas the reverse _ 


The average values in both cases range 


_ between 0.1 and 0.2 ton per sq ft, although in the Eastport Channel lower values 
__ predomin 1ate and in the Lubec Channel afew values as high as 1.0 ton per sq ft 
i, = found. The average water content for samples from both channels is | 


=== 
reac 


O26 160 20 50 100 
Load in Kilograms per Square 


= Attention is invited to the foregoing considerations and the suggestion is 


Ed made that through a careful examination of test data i in some similar manner, eB 
a judgment may be reached as to the value of the 
particular project. attention in the future than has been given i in 
the past to this detail of laboratory testing i is believed to be-advisable and may 
lead eventually to the development of more technique 


Tmproving Soil Testing 1 by ‘Glennon Gilboy, Am. Sop. E., 


remoulding, will be noted that the character of the curves is 
different. was decided, therefore, that when a test" on a supposedly undis- 
ee turbed sample yielded data which when ] plotted had | the a appearance 2 of Curve } 


e ‘sampling ‘methods in use on 
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se in the Eastport Channel it decreases with depth my in the Lubec Ghana’ 


itinecreases. A mechanical analysis of the material from both channels showed 
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| a) t that it had a a colloidal content of about 20% and about equal percentages of clay clay ee 


— On this material it was proposed to build : a structure of the type shown in 


22. was intended to construct the rock-fill section of these dams first 
a separate e.operation in in order to effect closure of the channels and, after this — 
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seal the dams with a i impervious soil blanket placed on the 
ae “up-stream” face. It should now be evident that the previous reference to a 
-cohesionless embankment i is justifiable: in connection \ with these 


_ structures. - Nearly all the material in these dams would be placed in flowing — 


| 
"water and no rolling or compacting by artificial means was contemplated. r In 


= 


3 ~. all probability, the finest sizes included in the lower part of the completed rock- 


e use of 20-ton stone was The first in ‘the 
- required analysis, therefore, was the degree of stability of the foundation ma-— 
terial, under the load of this cohesionless roek- fill section al alone ne. 


In the first made, the developed by Jurgenson® were 
“utilized to obtain an approximate solution. This resulted in showing that 


rock-fill structures, although submerged, were of such pro- 
“ate i portions as’ to create shearing stresses greatly in excess of the shearing strength | 

the foundation material. Comment on the applicability of J urgenson’s 
- method to this particular problem is deferred to the latter part of this paper. 

_ Considerable importance, however, was attached to the preliminary finding that 

rock- fill, the base width would have 


for this alternate design was to be so considerable that the 

_ possibility presented itself of effecting an economy by building thee embankment 
with the relatively steep slopes originally ‘planned and ‘letting: failure ‘and 
a lisplacement of the underground take place, even if eventual settlement to 
rock resulted. This precipitated a discussion as to the extent and character of 
_ the settlement which might reasonably be expected, assuming that as indicated, 

clay foundation material would actually over-stressed before the 


lateral al displacement of a soft, underlying stratum, but few, if any, 
ae these structures had been investigated and designed by the principles of soil 


: im echanics. | In n such | cases as. have e received t1 treatment by these methods, the 
of the analytical work has been to attain an actual factor of safety 


against over-stress by flattening side slopes to a degree which would rec reduce the 
_ induced shearing stresses to a value less than the strength o of the weakest part of 


_ 20**The Shearing of Leo Jurgenson, Journal, Boston Soc. of Civ. Engrs., Vol. 
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the foundation. A definite lack of precedent: was on procedu ure 
for an embankment analysis i in which failure and at least partial displacement i _ 
of the underground was actually contemplated, although as an exception t to this — 


— 
statement the special case of settling highway | fills by dynamiting soft underlying 4 


The available information was so limited as or extent of settle- 


ment to be expected, that some experimentation was considered necessary as 


preliminary to deciding on a method of attacking the problem. | Already set up a 4 
a n the laboratory was a simple polariscope (shown diagrammatically in Fig. 33) a ee &g 24 
in this Mirror a Beis \ 


* 
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_ which had been used previously to study the distribution of shearing stresses ee 
gelatin models by photo-elastic methods. By using weak pour of gelatin 
and gradually i increasing the height of the model dam over that previously used, - 
the gelatin was finally made to fail-under the load, a ‘procedure « quite different 
4 from that followed in ordinary work with this model, when failure of the gelatin ag 
Was studiously avoided. Settlement c of the model embankment resulted , of the 
“4 type shown in Fig. 34. This view was photographed through the analyzer and on ‘eas 
2 besides showing the shape and outline of the embankment section after failure, — ae ie 
% also shows a a number ¢ of stress bands i in the gelatin beyond the toes, where — a 4 
the ge gelatin: was not overstressed. Interesting though this last point 
Tay be to some, the particular object of f introducing Fig. 3 34 is. to show the — 


sages. of deformation that under ‘the embankment. It is 
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toi although numerous predictions to ths elect had been made, but rather 1 
Vo apparent that maximum settlement occurred at points on either. side of the 
center line, about half-wa eated 
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was termed “heart shaped” to its resemblance to the lower ‘pert of of an 


From of the work with t this model, it was clearly understood 
z - that j in many ways it failed to achieve the necessary ‘similitude to conditions i in : 
“the prototype. Without discussing in detail its obvious shortcomings, it ill 
stated that this was simply the first and easiest method available for ob- 
- taining a qualitative idea of the type of action to be expected under the assumed — 
oe conditions. _ To eliminate. some of t the sources of dissatisfaction, a second type 
ae of model was developed for the p purpose of s securing a closer approximation of the 
actual | conditions. this second model the material to represent the 
7 be. underground was clay, ‘much of which was obtained from samples taken at the 
se actual dam sites, and t the proportions of the model _ were e changed so that the 


axial length of the section of dam being studied was considerably greater. 
«Rig. 351 is & general view of the apparatus in this study was conducted. 


: They preliminary test procedure was to build u up a bed of = eer 
Ril clay in the rather shallow tank and then, using irregular lead slugs, to construct a a 
a model dam across the center, following as nearly as possible the construction 


e program contemplated for the prototype. _ During the test, movement of the 
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"aay under the eutiaineiaiin load could be watched through a window i in one 
bi Te o facilitate this observation, small white reference points were inserted | 
any the clay and t the window at the intersections of a grid system, ‘prior 1 a 


worn ‘in a section yn perpendicular to the e axis of the | a a series of vertical — 
reference lines. was inserted. — The deformation of these lines could not be 

observed during the test, of course, but were exposed afterward by removing 
the embankment and cutting the model along the mid-section, a view of such a 
section being shown in Fig. 36. The originally vertical | reference lines may be © 
seen clearly, and the profile of the clay is s shown to have assumed the previously _ 
mentioned “heart shape sr ”, Also, plainly visible, a are the: so-called ‘ ‘mud wave sd 
fo formations on either side of the embankment. 
confirmation of of the results previously “obtained, of a 

i e nature, ‘was very encouraging. 


the experience of Casagrande, Assoc. M. Am 
Gilboy,” who noted a similar type of failure under on 


proceed with the of a quantitative : method | of for use in 
solving the problem previously outlined. 


‘met action during test, led to the development of a qr of stress sie 


- before failure, and a method of determining the extent of settlement after xe 
4 failure, of proposed embankments. The details of this analytical method were ia 
developed by R. M. Haines, Jun. Am. Soe. C. E. 


% ‘The Shearing Resistance of Soils”, by Leo Jurgenson, Journal, Boston Soc. of Civ. Engrs., Vol. 
No. 3, July, 1934; Discussion by A. Casagrande, p.976. 
“Stability of Embankment Foundations by Glennon 
tions, World Power Washington, D. Cc, 1936. 
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Total Load No, 1, 90 Lb Base Width of Dam _ 
This" type of movement was recognized as similar in general, 


the movement of plastic material under long footings. Development of of the 
hee proceeded from this observation to the task of making an 5 


analysis: of the conditions of equilibrium along a failure surface also similar to = 
_ that defined by Krey, but i in this case located by trial and error in a manner 
resembling the work of K. E. Petterson, member of the Swedish 
_ Geo- Technical Commission in 1914-1922. L Location of the failure surface and 7 
development of the statical analysis ‘facilitated by finding that the 


‘movement of the reference points indicated common center for all points 

: _ moving in circular paths, and that the linear movement was tangential to the 

4 Failure surfaces for a ratio » of 4 are shown in Fig. 38. will be 
"noted thatt that balancing effect of the mud wave is taken into account in in ‘Haines’ 


analysis: and that one effect of this mud wave is to cause the failure surface ne 
outward as settlement progresses. Statical analysis of of the surface 


“Wig. 38(a) was made to | determine whether or not a given section would be : 


initially stable, whereas analysis of surfaces, such as those in Fig. 38(b), as- 


suming in succession various settlements, was made to ‘determine how much . 
settlement could expected when initial stability s not indicated. 


ie Fig. 38(6), Line BEO is the shear plane for 50% settlement; Line AZO is the 
ieee pale _ shear plane for 75% settlement; Line BDF is the mud wave for 50% settlement; 


ae and, Line ACF is the mud wave for 75% settlement. ) The same kind of study 
; was also made for trapezoidal embankment sections in order to — possible 


by 


types of analysis indicated in Fig. 38 were on the 


that half ‘section of tended to Totate about the center of the 
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adledi. _ By equating the moments of the forces tending to cause motion with 


- those tending to resist it, an expression was obtained relating the intensity of A 
loading: at the center r line of ‘the with the cohesion or 


Surface 


aring dtoenaith required for a factor of safety of unity. This expression can a a 


in which K is a with values as shown in Fig. 39. ads. 
_ For the case in which initial stability i is not indicated and it is | desired ee 
compute the probable amount of settlement of the embankment into the 
foundation material, the following formula, was derived: 2 a 


Fig. 40 isa set of curves for the solution of Equation ( (8) for the assumption of — ce 


10% and 75% settlement. - It will be noted that solutions for various stages i. a 
of construction are indicated from n 25% of the final height of the embankment ~~ oe 

Py Solution of settlement problems by the Haines method das indicated by 
_ Figs. 39 and 40 involves $ a process « of trial and error. | If initial stability is not ‘th 
indicated, a solution i is obtained for stability at 50% settlement. ‘If this does i 


“not indicate stability, 75% settlement is assumed, and if stability is still not ge 


indicated, the assumption is made that the material will settletorock, = 
al No greater refinement is warranted by the assumptions involved in de- 
v 


this in method. One consideration, for is to which 


naccive of the matoarial along the ctraight na the failura 
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the” ctrength of the tigation, however, may as failure. occurs. 


the foregoing remarks reference has been made to three different methods 

“al analyzing the degree of stability of earth or rock-fill embankments, namely, — 

_ Jurgenson’s method, the gelatin model-photo-elastic method, and the omnes 
The experimental work described herein as the | basis for development 

a the Haines. method \ was performed under conditions similar to those assumed > z 


in which s s= shearing stress; p intensity of lead at 


of ‘the embankment; a = half the depth « of of the “ones foundation material; and, 


= half the base width of the embankment. 
Since the publication of this formula? in 1934, 
: other discussions on this subject, but Equation (9) is still in current use to to a 2 


sufficient extent to warrant the following comment. 


oy ee It is believed that the c clay ‘model indicated the limit. * whieh some of Mr. 
_ Jurgenson’s assumptions are valid. _ These assumptions include neglect of the 


a restraining effect of the foundation material beyond the toes of the embankment, 4 
the supposition that the surface between embankment and foundation 


Be Se the ratio of i” will vary the extent to which these simplifying assumptions 
affect the applicability of Equation (9) to embankment | analysis. f The work 
xs _ with the clay model indicates that, for ratios of L7° 1, Jurgenson’s method 
and Haines’ method a are in substantial agreement as to the magnitude of the 
ome shearing stress induced by a given intensity of embankment loading. a For 
f eS higher values of the ratio, however, a considerable divergence between the two 
oa a methods was noted. _ It was also observed that when the depth term, a, is small 
compared with L, the condition of simultaneous shear failure on an infinite 


a ae “number of surfaces i in the plastic material i is is approached more closely than when 
is comparatively large. In the latter « case, evidence was obtained to indicate 
: _ thats shear failure occurs at a single point a and, ‘therefore, in giving the intensity 


"af of stress at this. point, J urgenson’ s formula (Eenation (9)) does not indicate the 


a stress following point failure. — As against this so-called ‘ ‘point failure stress’ Ay 


full extent to which the foundation can carry load, due to the redistribution ¢ = 


_ Haines’ method i is believed to show the total resistance of. the underground, A -_ 


argument just presented applies also in previous 


"mentioned gelatin: model-photo-elastic method. 
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poured to a given height and to solidify i in order to Tepresent the 
os = foundation n material of. the prototype w ith a . doubly refracting medium. T he 
ae ae embankment \ was represented by piling up lead shot: on the solidified gelatin i in . ) 
triangular shape of such proportions that its base width had the same relation : 
pe to the depth of the gelatin as obtained in the prototype between the base of the . ) 
a pd dam and the depth of the plastic foundation. When placed between a polarizer — 
-andan analyzer of the: type . shown in Fig. 33, the completed model indicated a: 
ie distribution and magnitude of shearing stress created 1 in the gelatin by means of 
jhe previously implied, this type of study showed that the induced shearing 
sf stress” under the dam reached a maximum intensity at one central point or at 
points symmetrically disposed with respect to the embankment center line. 
beet . Increase of load after - reaching a condition of point stress equal to the e shearing 


of the ‘gelatin led (as expected) toa transfer of stress to adjacent 


a4 


‘material. This process continued until total failure took : place, if the load. was 
but at no time could t! the total of the ieundation 
be determined 2 as function of it its unit shearing strength. 
is open to criticism on several counts, such as the use of head shot to ans 
embankment. In this particular case, the force of this criticism is lessened 
pes the fact that the character of embankment and foundation was actually as 
dissimilar in the p type as in the ‘model, but in any case, the observed 
_ transfer of stress during i increase of load is believed to be characteristic of the 
type of action to be expected in actual construction. 


me consideration of the > foregoing comments, the conclusion was reached that 


_ the mode of failure of plastic material changes to such an extent with the ratio, 


= 


a , that a , straight-line equation, such as s Equation | (9), can be ‘used only within 
close limits. with his ‘ ‘infinite depth”’ case for w hich 


he extent of the dificienee between the ‘ ‘point failure ” stress given by Equation 


and the desired “total failure” stress is indicated by the case of a 
se ta ngular plate. | ef Mr. Jurgenson computes that the total load which such a 
can carry exceeds the load which causes “ point by about | 80 


eases where the 1 major consideration is analysis. for initial the 
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width i is being considered, this plot gives, variation of the stress 


induced by such a structure if built on clay deposits of different depths. 
Jurgenson’s s “rigid boundary” case plots asa 45° of course, until it inter- 


ects his ‘ ‘infinite depth” case at value of of = 0.256. intersee- 


tion the curve is a horizontal line. The work with the gelatin | model plots as ee a 


= 
“curve showing a more gradual transition from the > “rigid youndary” case to the 


“Point Failure" — 


Ratio 


we 


ag 


atues 


Vv 


“infinite depth” case. The curve for Haines’ t 
a triangular embankment | ‘sections may be seen to follow Jurgenson’ s “rigid 
boundary” case quite closely up to. the ratio, = 0.10. Beyond =0. 15, it 
“deviates abruptly, | however, and & flattens out into what amounts to an “infinite 
depth” m wer value of Since Haines’ method is intended to 
give the ‘ ‘total failure” ’ stress throughout, this is not surprising, | however. if it 


is admitted that Jurgenson’s s‘ ‘infinite depth” case has a factor of safety i in ae 
order of f magnitude of 1. 8, as indicated by the example of the rigid rectangular tee 
‘Bate, a correction could be made, a as | shown by the dotted line. . It is very se 
a" 


an the field in which: Mr. Jurgenson’ photo- 


‘Selatin-model 1 method have previously served, it is believed that the Haines — 


‘method offers the advantage more e general i in the sense that it is not 
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ilure”’ 
The techn claim made for the Haines method, however, is s that it can bia a 


beyond the field of usefulness of the other types. It is believed 
work ‘similar to that reported | herein may attract the attention of engineers 
pe 
the possibility of effecting ¢ economy in earth construction by allowing 
a artificial fi fills tos sink into relatively soft and shallow foundations, , rather than / _< 
trying to attain stability by flattening the side slopes of such structures. In 
é,: ate cases where a real economy is indicated by adopting this plan, as was the case rat =o Ro 
an an 2 Passamaquoddy, the methods of Jurgenson and the gelatin-model study are of #4 ba 
little, if any, value. The method developed by Haines, however, can be used for 
just such cases and as far as the writer knows, is the only method available 
I for complete analysis fo for proposed e earth embankments, since by its use rent. 2 o% 


—— gation of the stability of such structures during all stages of | construction is fe ; 
ee possible, and prediction of the extent of settlement which will occur due to shear 
a we failure of the underground may be made if such settlement is to be allowed. 
eS Estimate 2 of settlement of this nature, , of course, is. essential to the calculation of 
total cost of structures in which subsidence is anticipated. 
a ‘It will be observed that in this paper much of the detail of the Haines 
analysis has been omitted although full particulars. are given in the Passama- _ 
quoddy Tidal Power Development ‘ “Report of ‘Soils “Laboratory” dated 
September 1, 1936. This is due to a realization of the fact that the basic 
experimentation 1 was: performed with the objective of “obtaining qualitative 
applicable to one rather unusual of problem Since curtailment of 


"studies of this nature were completed, it is considered this time 
present only the | general character of this research. , eet is hoped that this rather 
- non-technical presentation will stimulate discussion and'further study leading 


eventually to a complete and si satisfactory ‘solution of the indicated 


connection with cohesionless, uncompacted or rock- fill emb bank- 


founded on cohesive soil, model studies indicate 


settlement resulting from shear failure and lateral displacement of the founda- 
—_ material will take the form of the so-called “heart shape”. . By citing the a, 
specific case of the two large dams proposed for the Passamaquoddy Brotel. ee 

attention is invited to the possibility in some instances of effecting economy in | a i 
Be isermernited: design by. allowing over-stress of foundations to occur rather than rr 


‘flattening side slopes in an effort to prevent over-stress to aur an extent ss 
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‘The investigations dencribed herein were pursued as as part of the s study o of the 
‘Passamaquoddy Tidal Power Project, under the direction of the Eastport, M 
_ District of the U. S. Corps: of Engineers; Maj. . Gen. E.M. Markham, U.S. 
Chief of Engineers, S. Army, M. Am. Soc. C. E.; Lieut. Col. Philip 
‘Fleming, | U.S. Corps of Engineers, w was District Engineer, with Captain Hugh 
Casey, U. s. Corps of Engineers, M. Am. Soc. C. as Chief of the 
Engineering Division; John Sweeney, M. Am. was in charge of field 4 


_ exploration ; and the writer, assisted by R. M. Haines, "Fun. Am. Soe. C. E., 

conducted the Soils Laboratory studies. i an 
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Europe, accurately, the b behavior of structures 0 on n various 
types of compressible ground, are described | in ‘this paper. Particularly, 


em nphasis i is Given to the observations of settlements of buildings on’pile founda-. 


tions, and the c comparison between 1 the settlement of individual piles under 
load tests with that of the entire pile foundation. 
The form of the settlement diagrams with ground conditions and loadings 


repeate 
include 
the res’ 
distrib 


r s recommended as a pattern to be followed. . The instruments and bench-marks 


used for | ‘settlement observations are described, but. ‘other instruments and 
of observation suggest themselves to. “engineers. However, 


such methods should permit the observation ‘of very. small settlements as followi 


they are valuable in n computing future settlements. embed 


observations are the result of studies extending over a 10-yr period; ag 
they» were supervise ed by the writer wit supported by contributions. made by § 
‘he Committee of the on Earths and structi 
The design of shallow foundations is governed by the chat the surface 
reatest pressure » exerted | on the soil should not exceed a certain value, called J the ph 


the allowable soil pressure. If the structure is to rest on a pile foundation, the ‘shown 
oP load per pile should not exceed the “safe load. a Both types of foundations of the 
are subject to settlement. If the loaded stratum consists exclusively of sand by: ar 
or gravel, the settlement ceases within a few weeks or months after construction - positic 
is finished. — In this case the settlement can be expressed by a single set of ‘in Fig 


recorded data or by : a contour 1 map showing the lines of equal settlement repre- | both t 
senting the subsidence of the loaded area after the settlement stopped. _ On the HM eter s 
_ other hand, if the settlement is due to an increase of the load on a bed of clay, points 


i ecorded only by time-settlement curves, or r by means of a set of perfor 

s showing the settlement at different times s after construction was error. 

At] present, there is no method of predicting the settlement of buildings « on over { 
and or gravel foundation and the prospects for discovering such a method are estab! 
of “the Society Earths and Foundations, selected the settlement of struc- shoul 
ures as one of several for study and research. This paper, reporting an investigation sponsored by | follov 


was submitted to the Comsinttes by its author, and the Committee has recommended its” 


hi Hochschule, Vi ienna, 
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| the plug is removed and temporarily replaced by a cylindrical piece such as that 


very slight. Not method of can be accepted unless its 


validity is demonstrated by numerous settlement records obtained under ‘very 
different practical conditions and such collection of records has ever been 
presented. Current procedures for predicting the settlement of buildings | on ay am 
day foundations are more promising; and, yet, according to reports,™ the appli- ae 
cation of these methods ‘Tequires elaborate investigations and is limited to Smee 
important s structures. In every other case the engineer must | estimate the 
settlements on the basis of previous experience. Such experience can be ac- oe a cae 
quired only by ‘systematic settlement. observations. Considering the present 
state of knowledge in the field of foundations, the settlement observations 
represent by far the most important type of research. ‘The results of theoretical , Pa Bs | 
and o of laboratory investigations i in this field cannot claim more than an academic — i25e, Ss 
value until the importance of the errors have been investigated thoroughly and = = 
repeatedly. — Any proposal for the practical application of a new method should ie = car 
include not only a detailed statement of several settlement forecasts, but also 
the results of adequate settlement observations, including the magnitude, the ee 
distribution, and the time rate of the settlement for the — structures aya ms 
In attempts to collect settlement data, writer met with the 


Bowing difficulties: (a) Most of the reference points (w hich consisted of bolts _ 
| embedded i in the masonry) disappeared during or immediately after construc- 
i tion; (6) in buildings with numerous ps partition walls the 1 measurements s within 
the building were difficult and not sufficiently accurate; and finally th 


number of observation points was s not great enough to pe permit the reliable c con Pals 


ar 


the writer a new type of point shown in Fi ig. 42, 
of a short piece of pipe, which i is entirely embedded in the e Masonry (Fig. 42(a)). 
Normally, the opening of this pipe i is closed by means of a brass plug, the outer 
surface being flush with the wall. In order to make a settlement observation, 


shown in Fig. 42(6). ‘s The observations are made not with a level, but by mean “= 
of the device shown in Fig. 42(c) which consists of two glass tubes connected 
by a rubber hose. . The entire system is filled with water, and in each tube the 
position of the water level is measured by means of the micrometer screw shown 
in Fig. 42(d). The vertical distances, i in ‘Fig. 42(c) are always the same 
both tubes, and the distances, » Zi and Zo, are measured by m means of the “amie ae 
eter screw. Hence, the difference between the elevation of the two reference 
points i is equal toAZ= Zi — Zs. Dp A careful survey of the errors of observation — = ee 
performed by Professor H. Laschner,* Sin Brunn, Austria, has shown that 

error does not exceed 0.05 mm, or 0. 002 i ‘in. 
Inc order to obtain a reliable conception of the distribution of the pelea. BN) 

over the area occupied b by the building, at least. one Teference point should be 
established for each 200 sq ft of this area. . At least, one-third of all the points s & 
- Should be within the building. All the recent settlement data embodied in the _ 
Sing paragraphs were obtained by means of the device shown in Fig. 42. rae 


“Proceedings, Conference on Soil Mechanics, 1936. 
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“oe Fig. 43 shows the curves of equal settlement of a group of factory buildings - 
ion was finished in 1929 and the observations 
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—— 18" 


2 and ‘the distance between 


a eds 100 ft, it is is advisable to establish intermediate points of ‘observation, = 
| Each set of levels should be carried back to the point where it began and the oe 


1937 


the individual buildings i is considerable. Se: au 


xtreme Limits of Load in Tons per Square nai of Area’ 


‘Extreme Limits of Load in Tons per Squre Foot of Area’ ta ? 
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ie Fig. 44 represents the settlement of a group of oil tanks. 26 a Ateach point of the cae = 
circumference of the buildings the radial width of the : shaded area represents 
the settlement. The diagram shows plainly the influence of the weight of each 


a structure on the settlement of adjacent structures, particularly the units toward “ RY 4 4 


distance between the bench-mark (Fig. 42) should never be e nearer the building re eee 
. under observation than twice the width of the building. If this distance ex- Seety Sea 


- settlement re record should contain the ultimate er: error. With few exceptions, the = 


— 
t=. 
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| 
pe 
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im 
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| made rather inaccessible cellars walls; and yet do 
ay 2 se If the entire city | or a part of it is situated above a bed of silt or claya § m 
progressive, general, irregular wubsidence of the loaded st be pi 


ye 


medicare from 1869 to 1909 (a period of 40 yr) through distances ne | Fi 
een zero and 2 ft. similar general subsidence was found to have 


- built upon a hails of clay orsilt. Ifsucha general subsidence occurs the foregoing 
_ procedure yields data that inform the engineer merely as to the difference be- 
. _ tween the general dow nward movement and the downward movement of the 
a newly constructed building. In order to obtain the actual settlement it w would 
be e necessary to establish a bench- mark at the bottom of a drill hole which ex i 


tends: through the entire system of unconsolidated strata to bed-rock. Such a 


a similar general and irregular in every: city 


bench- h-mark was established in Cambridge, Mass., at a depth of about 125 | ft 
below the surface. Such bench- -marks would facilitate the collection of | 
ata concerning the general subsidence of the area occupied by a city. It 

be the of engineering departments to. keep records of 


Austria, ‘refer exclusively to foundations on 
nical, cast-in- -place with ¢ a length of about 20 ft. They are arranged in 


two or three rows beneath continuous footings. The  top-soil stratum 

consists of a loose, loamy, artificial fill and the piles get their support ina 
88" Boston Foundations,” by J. R. Worcester, M. Am. Soc. C. E., Journal, Boston Soc. of Civ. Engrs., 
29 ** Subsidence and Problem i in San Francisco,” San Francisco Section, Am. Soc. E., 
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stratum of firm sand and gravel ¢ or } very stiff clay of great thickness. T he geo- 


below the points of the piles. Before the settlement observations were made, te: My 
2: many ‘experienced contractors of the city believed that the settlement of the _ 
4 pile foundations was approximately equal to that produced | by a loading | test of 
on an individual pile. * According to this v view, ‘if all the piles 2 are assigned equal 
loads, the: settlement « of the entire foundation should be uniform. — Observations is a 
made during the past few years have | destroyed both illusions. . Figs. « 45, 46, 
A 


Borehole 2 Borehole 3 3 Borehole 


Floor, Courtyard Side (Right) 


37.40 Cellar Floor (Rightly 


___ 36.40 Lower of Grillage 


wravel Surface, ‘Axis of Building" 
and 47(a) illustrate an example | of such observation. The building: consists | of 
brick” walls with continuous footings, 40 in. wide, supported by two rows a 


conical piles. Each pile carries a load o of about 24 tons. © ‘The upper curve in 

Fig. 46(0) shows the result of a loading test on an individual pile, located at 
Point P ’ in Fig. ‘47(a) . Under a load o of 24 tons a conical pile i in Vienna very 

4 seldom settles more than a fraction of a millimeter during the loading test, and 
the loading test on the pile at Point P merely confirmed this empirical rule; bet 
and yet the settlement of the entire pile foundation was equal to more > than 
forty times the of the individual carrying the same load during 


Test Pile ae: 
Construction 


3 the loading test. 


load. ‘The k ve j he se ‘pol 


immediately above of the test pile. Fig. 46(a) contains the 
load diagram and the time- settlement curve for three typical points. 
shows the | curves of equal settlement during a period of six 


the same curves eleven _ weeks after the first observations w 
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~ a Since the time-settlement curves for various na of the building are different 

4 ‘€ i shape of the curves of equal settlement changes although the distribution — 

of the load over the loaded area remains practically unaltered. 


wr 


3) 


3 


«Fig. (48 illustrates ‘another example of the settlement of a brick building with 
footings o on conical piles. section through the foundation is shown 
‘in Fig. 48(a). The piles were e driven through stratum of loose artificial fill into 
a layer of well compacted gravel. 48(b) shows the curves of equal settle: 
—_ one year after construction. — _ The greatest settlement i in | this case also i is 
at least forty. times greater than that i in a loading test with the working load. 
; When the cellar for the building was excavated thick bodies of masonry were 
en on ‘encountered which extended through the artificial fill to the surface of the 
é = bed. _ If part of the new walls had been made to rest on top of the a 


old walls and to provide an wepport over the entire length 
the footings. ‘This detail i is also shown in Fig. A8(a). 
x mechanics has made en engineers realize that the settlement phenomena 
‘ee shown i in Figs. 45 to 48 must be expected and that no ) simple relation can possibly 


exist between the result of the ~— test on the individual pile and the settle- 


le 
15 
— 
— 
‘ stratum of gravel. At the same time, there is very little hope of finding 4 “i in 
eas, ae _ procedure for predicting the settlement of pile foundations of this particular 
type. Hence, an estimate can only be based be obtaine 
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systematic foundations | supported by 
tty driven to refusal in different types of strata. No general conclusions 
ean be derived from two or three sets of observations. Thus, in both cases, ao 
represented by Figs. 45 to 48, settlements ended not later than 1 about 
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years after construction was the points of the piles had been 

= into a bed of stiff clay, the initial | settlements would ‘undoubtedly have ie og 

43 smaller, but would have increased sor years, values far 
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seemed interesting to collect at least s some ‘the 
of continuous footings designed on the basis of the customary “allowable soil 


= 
pressure. ire.” For. that purpose eight buildings were equipped with ‘reference 
points ‘immediately after ‘their foundations were constructed. All these 


re 


buildings ¢ are of brick. The thickness of the lower parts of the walls ranges — 
between 20 and 30 in. and that of the upper part between 15 and 20 in. . The 
width of the footings ranges between 2 and 9 ft, and they 2 are covered by the 
_ buildings between 4 000 and 20 000 sq ft. One « of the structures (Building A, 
Fig. 49) i is supported by a continuous slab, extending over the entire area covered a 
the building. ‘The larger § structures are usually subdivided 
oints, from 50 to 80 ft ft apart. | In doubtful cases the allowable soil pressure was ol 
determined by m means of one or more standardized loading tests. All the boneen | 


tial data the buildings are assembled i in Table 6. The soil profiles, 


TABLE TIME Loap, AND AND Tom 


© m | ® | 

A | 2.11] 0.71) 1.26} 60| Fill 1.07 | 20300] 1.07 | 11] 1.9] 

B | 2.11] 0.30] 0.99] 27| Sand withloam 2.09 15 300 | 0.84 2.3 53.2 90.6 

C | 2.76] 1.73] 2.16| 21 | Silty fine sand with loam 1.86 | 3910} 0.84 | 1411.5] 50. 88.5 a are) 3 

D | 2.34] 1.87| 2.05] 48} Loam and clay 2.51 | 12100] 1.41 i 49.26) 748 

E | 0.87| 0.28] 0.55} 31] Gravel fill 25t| 5360] 1.02 

F | 0.51) 0.12| 0.36} 33 2.32 10 200 | 0.90 | 3.7 | 4.7 $2 98.5 

| 0.83] 0.30] 0.55} 43| Sand with loam 2.51 | 6480| 0.93 | 3.7/4.7 | 43.4§| 670 

| 1.77] 0.36] 0.99] 180 Loam, and loam with 

K | 0.96 0.26] 0.55] 10| Gravel fll | 3720 0.93 Bis 

* See Fig. 49. + Buildings E and K are in tons per slab. Strip founda- 

6 

] 

minimum, maximum, and the average settlement, respectively. sth 
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of each building, the settlement is far from uniform. this connec- 
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Sep tember, 1937 SETTLEMENT OF OF ‘STRUCTURES IN EUROPE «1369 
_ Earths and Foundations* which demonstrates that the settlement produced by an 
a uniform load on a circular area is also far from being uniform. The ratio 
—_ the largest and the smallest settlement of the buildings listed in Table 6 " a es 


from 1.25 to about 7.00. The “allowable soil pressure” for the buildings 


listed in Table 6 was selected on the basis of a standardized procedure and the ete 
of the highly compressible strata never exceeds about 20 ft. Never-— 


theless, the. average, , settlement. ranged wide limits of 0.25 and 


— 


In Germany, the foundations for based on standardized 
soil pressures’ and yet since the bridges were built in very di different 
parts of a large country, ‘the ‘thickness of the compressible strata and, as = : 

4 consequence, the settlement of the structures, varies between considerably wider — i 
_ limits than it does in Vienna. Table 7 contains an abstract of data * see ee. 


4 
TABLE 7.—Serriement or Brive Piers IN 

om: | Ti From: | To: 

been collected by L. Casagrande.*! ~The settlement ranges 
more than 3 ft. in general, the e settlements of the foundations on sand and 
on boulder | clay, were very ‘small and stopped ‘a short time after construction 

2 was completed, whereas the important settlement of of foundations on clay mises silt a ee, 

and must be expected to i increase for many years to come. 2 
preceding statements have demonstrated that the ‘limitation of soil 


4 


| pressure to the so-called “allowable” ’ values by by : no means involves the limita- 2 
a tion of the settlement to a definite value. ~ Experience in estimating settlement oa 
ean only be acquired by of reference points s and levels. 


a: members of the structure are not affected. _ Therefore, it was interesting to re 4 
investigate the differential settlement of footings which w were de- ae 
‘signed on the basis of equal loads per pile, or of a uniform soil pressure. 
§ “Rig. 50(a), Curve 1 represents the settlement of the straight front wall of the he ee | a 
to | re building | discussed in connection with Figs. 45 to 47; ; Curve : 2, the he settlement of _ 
he q a the rear wall; and Curve 3, that of the middle wall. ur 
it _ Fig. 50(b) shows the distortion of the walls of the building represented by ae 


lan | j Fig. 48. Curve 1 corresponds to the front wall of the building, Curve 2, to 

Am. Soc. C. E., May, 


“a ““Setzungsbeobachtungen an Briickenbauten der Reichsautobahnen,” Casagrande, Proceed- 
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the ‘outside Ww wall toward the court, aad Curve 3 refers to ie w wall ¢ that runs 
e interior of the building. In both eases 


distant in a fashion that every practically the same load. 
0 - 


Front Wall 
avi 


a) BRICK BUILDING IN ty 
(a) 


VIENNA, AUSTRIA 


& 


‘a 


Settlement, in Millimeters 
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(b) BRICK BUILDING WITH an 


CONTINUOUS FOOTINGS, ON Wall Parallel to 


ail 


Settlement, in Millimeters 


a 


Settlement, in Inches 
ettlement, in Millimeters 


Se 
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6 BUILDINGS IN TABLE 1 


a 


Sa. @ 


@ec CURVES OF FIG. 9(0 TRANSLATED TO SHOW DISTINCTION 


= 50(6) shows the at the continuous footings of the walls of 


_ buildings listed in Table 6 and of several other buildings. - These footings are 4 
ae supported by the natural ground without the assistance of piles, and they w were 
designed in such a fashion that. the pressure per r unit of area of the footing a 
“Fig. 50(d) was obtained by translating 


a consequence, Fig. 
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€ 
50(d) shows ined dist on ettl 
All the walls represented by full withstood the « without 
cracking. As a supplement to this diagram, two ¢ dotted curves were 
They represent the distortion of f two of the walls of the building shown in 1 Fig. 51 ae oo 
| co oncrete slab, 4 ft thick. The dis- 
than a brick wall can stand, as ss evi- 
denced by the shearing 
The facts represe 
50 lead to several interesting ¢ con- ist 
dlusions. Contrary to what many 
"engineers s still believe, s , settlement. is a 
never ‘uniform, although the load | 
per pile or the load per unit of area — 
x 
of the soil is the same everyw here. oe 
In of the diagrams (except 
Fig. 48) do the c — of equal set- 
tlement have any resemblance to 
what one would expect from the oF 
theory of the settlement of loads — 
su upported by a homogeneous me-_ 
dium . Therefore, the | differential 
Settlement of the buildings repre-— 
se sented by the diagrams is essentially 
to local variations: in the com- 
pressibility of the loaded 
4 The importance of these v variation ons 
cannot possibly be appraised 
preliminary investigations of 
kind, at -Teasonable- _ expense. 
ential settlement. must be based on previous experience and this experience ‘can 
be acquired by, "systematic settlement observations such as those 
scribed herein. _ How ever, , experience has shown n that the erratic character of 
differential settlement is limited to those cases in which the thickness of the 
_ highly compressible strata does not exceed 20 to 25 ft. The greater the thick- ¥ 
hess of the highly compressible strata, . the smaller becomes the difference be-— 
tween the real differential settlement and ‘the ‘settlement toa 
Fe For a given degree of non-uniformity of thas ubsoil, the RE a e of a 
- differential settlement decreases with i increasing stiffness of the walls. | ‘Thus, i in ee 


295 Feet)'? 


s boundary of the area occu pied by the building) i is straight and the mentee 


- distortion, shown by Curve 1 to Fig. 50(a) is insignificant. ~ On the other hand, % 


. the rigidity of the rear wall (upper boundary of the building lot in Figs. 45 and 


48) is reduced by several corners. herefore, the differential settlement t shown 


ae 
xu 
ae 
| 
I 
| 
45 
147.6 
4 
‘ 
ing 


OF STRUCTURES IN EUROPE 
Curve 2 in Fig. is far more important. Ae comparison of Figs. 48 and 
a 50(d) indicates similar relations between the rigidity of the walls and the “me 


portance of the differential settlement. _ The settlement of the stiff wall, 1, is } 


_ far more uniform than that of Wall 3, which, in plan, represents a broken line. 


ay ae theoretical computation of settlements i is based on the assumption tl that aI 
the subsoil is uniform, at least in every horizontal direction. The non-uni-— 
formity always i increases the differential settlement and its detrimental effects. 


ee ss The nature and the importance of the difference between theory and Sas 


eae. can only | be learned { from settlement observations. — Therefore, a practical on: 
oe - plication of the science of soil mechanics to settlement | problems i is not feasible 4 
unless the is with, and ‘supplemented by, s settle- 


‘Differential settlement must be considered inevitable for every foundation, 
unless the foundation is supported by solid rock. effect of the differential a 
| settlement on the building depends to a large extent on the type of construction ‘ a} 


Consequently, it is necessary to find ¢ out by careful inspection of buildings with 
ae settlement records how much distortion the different types s of construc. 


tion ean stand without any harm. data shown in Fig. 50(4) ‘Tepresent a 
N 
— 


~ 
3 


Fic. —Unpercrounp Bencu-Mark Usep 1n Derectine THE COMPRESSION OF b 
. If it is 3 desired to keep the settlement of a structure within 8 ecified limits, — BS 
eal foundation must be carried at least to a certain minimum depth which de- e ie 
- pends, among other factors, on the nature and the thickness of the soil strata . Be 


beneath the building site. Similarly, if the settlement of an existing building 
to be s by underpinning must be extended to 
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, level below the seat of the The science of soil mechanics has 
furnished a set of theoretical rules for determining the distribution of the — Re 


- over a vertical section ‘through the loaded soil; ;and: t no such rules 
Whale 


re 


53.—Mernop or PLACING UnpErarounp Bance- 


can be > accepted for practical application on a broad | scale until I they have been : 
“confirmed by the results of observations on n existing structures Such observa- 
tions can only | be made by means ¢ of underground bench-marks; that is, by means — 
of reference points established at the bottom of drill holes, different depths 


of reference points of the type was by the iter 


S\ 


‘Stas “WITH Riss, or Fie. 43) 


= 


g. 52(b) beneath one of the corners of 
e in ‘Fig. 43, at a depth of 15 ft beneath the base of the 


Picuy in Fig. 54, the building rests on a reinforced concrete 
| slab strengthened by Tibs. Toa depth of a about 8 ft below the base of the slab > 


the soil consists of a yellowish, , weathered, rs rather compressible ¢ clay. . Beneath ei; 


a ®“Die Tragfahigkeit von Pfahlgriindungen,” von Charles Terzaghi, Die Technik, 1930, Heft 31 und 34 res 
Proceedings, International Conference on Mechanics, Paper = 5, Vol. 1,-Cambridge, Mass. 


a Septem 
— 
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= 
ode 
; 
NS 
XK 
bench-marks in very soft. 5 Of 
that shown in Fi = 
its, building marked ‘ 
de- 
ata 
— 
ing 


is a very thick bed of stiff, blue clay. be ‘The underground reference point served ; 
the purpose of determining the extent to which the compression of the stiff T blue 
lay was responsible for producing the total settlement of the structure oe Fig. | 
_ 55 shows the results of the observations. The excess w ater is squeezed from the F 

— clay,e escaping through the layer of silt between the w weathered clay and the base 
of the foundation slab. According, to the of the. 
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Settiement, in Inch 
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Fro. Gown ES, ConcrETE with Riss (See Fia. 


_ sion of the clay would be expected to | to begin at the ‘point of. contact | between the = 


clay and the more permeable material and from there it should proceed i in a 
downward direction. | This: theoretical forecast: was confirmed by the fact that 4 


<i 


the settlement of the underground reference point beneath Corner 44 began 
about eight months after the beginning of the downward m movement, of ( Corner i 
ie rs 44 of the building; and yet, during the following three years, the settlement of a 


A 
= 


CONCERNING 


No ‘of soil investigation and of settlement computation can | 
cepted for practical until the degree of accuracy of the results has been 
determined by experience. ex experience ‘can be secured only by reliable 


adequate settlement observations. Therefore, the fi and the most 


Rize 


urgent task in the establishment of a science of soil consists in 


whe for making settlement Observations. 
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PRACTICAL APPLICATION OF SOIL 


. 


| HARRY 


. IMMERMAN, D. P. ‘A. MARSTON, | ( RGE 


RALPH R. PROCTOR, ‘TERZAGHI, 
AZARUS- WHITE, AND ‘GLENNON GILBOY ot 


E. 2 M. L. > R. J. Foac,** Harry T. ImmMerman, 


Pp. KRYNINE ye F. AL Marston,®* PasswELL, 40 Ratpu R. Proctor, 


TErzacut, 42 LAZARU Wuite,*? AM. Soc. C. E. AND 


GLENNon Gitpoy,** Assoc. M. A. Soc. C. E (by letter #40—Realizing that: 

18 most important obtain exact data for existing structures, 

we together with the t underground conditions at the various sites, the Committee _ 


of the Society | on. | Earths and Foundations has been financing, for the pas 


| 


years, an extended -d investigation by Charles Terzaghi, M. Am. Soe. C. E 


nostly i in Europe and, i in part, also” in the United States. These investiga 


tions have been valuable as a check on existing theories. Bes some cases quite a 


Des Notr.—This Symposium is published in this number of Proceedings. — This yes 
is printed in Proceedings in order that the views expressed may be brought before all 
Members for further discussion of the Symposium. The writers of this discussion com- 
prised the membership of the Committee of the Society on Earths and Foundations (Mr. 
Ww hite, Chairman), which was authorized by the Board of Direction on October 10, 1927. 
In January, 1937, the Committee and its activities were transferred, and re-allotted, 


logically, among the various Committees of the newly authorized an 
oundations Division. 


‘8 Dean, , Coll. of Eng., and Director of Eng. _ Experiment Station, Univ 
-“Chf. Engr., Spencer, White & Inc., New York, 
Research Associate in Soil Mechanics, Dept. of Civ. _Eng., ‘Univ., 
Engr. Eddy), , Boston, Mass. 


> 


Engr of Water- Works ‘and Supply, City of Los Angeles, Angeles, 
4a Dr. ‘Ing. Prof., Technische Hochschule, ienna, 
Pres., Spencer, White & Prentis, Inc., New York, UN. 
“Assoc. Prof., Soil Mechanics, Meee. Inet. Tech., 
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7 
ase close agreement has been found between computed and observed settlement, 


ae _ by the use 0 of the Boussinesq equations to obtain internal pressures below 
an the footing, and Professor Terzaghi’ 8 equations of _ as tion as determined © 


4 


Professor Terzaghi has devised a graphic : form m of settlement curve and 
diagrammatic method indicating ‘conditions in the foundation and under- 
: a _ ground, which : is compact and complete. He calls the _compressible— stra ata ta 
beneath the acttling structure the “seat of settlement ” and the shape 


tention to ‘the -over- made on the pressure ‘the base of 


te footings; ; and he demonstrates by observation and calculation that ‘most 


of the observed settlements are due to compression of the 
materials within the mass of the supporting underground; and that 


settlement may extend hundreds of feet in depth. 


4 


the request of the writers, Professor Terzaghi has kindly 


mmary of his work on settlements with particular attention to the methods — 
obtaining accurate observations, and giving typical cases with a non-mathe-- 


Particular attention is called to the failure to > obtain 


uniform s settlements, e even when uniform loading of walls, etc., ‘was “closely 
> 
_ approximated, both in the case of pile foundations and spread footings. 


writers: believe that this contribution is great value. that 
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AMERICAN SOCIETY (OF CIVIL 


ISCUSSION 


IETER OF STEEL PENSTOCKS | 


Roserr W. Anaus,** Esq. (by letter). method of determining the 


economic diameter of penstocks hes been presented in an interesting and 


_ valuable manner in this paper, and the authors have expressed the results in 


In the investigation ‘the head, H, is defined as ‘ “the average head, on the 


nstock, including -water- hammer effect, in the water- hammer 
- itself may have an important influence on the size of the pipe, , and the pres- . i 


- sure rise due 1 to this effect may be so large as to make Equation (6) 3 inaccu- 
rate. Ee A few y years” ago the writer was making some studies with a model 
a pipe line having a glass surge tank. The top of t this tank was open, was 


above the forebay level, and was. tested and found to be amply strong for 


~ pressures produced by the static head in it. . On several occasions, , however, — 


re the glass surge tank was broken by a quick ‘closure of the turbine gate, al- — 
though no water came over the top of the tank, and a carefully m made gia 


ator showed pressures at its base much in excess s of those due to the height = 


course, it is well known that under fav orable the water- 


Bs, hammer } pressure rise, in 1 feet, m may be about 100 times the velocity dissipated, Be: 
and also that these bad | conditions may readily occur ina a long penstock or 


Pipe, For example, if a pipe is 6 000 ft long, the foregoing pressure rise will 
occur et valve closure requiring a period of 4 sec, or less, a length of time a 


i easily. within the operation range of a governor ; and if the e pipe is under ws 
low head of perhaps 100 ft and has its velocity of , Say, 4 ft pe er sec ee 


Notr.—The paper “se oo late Charles Voetsch, M. Am. Soc. C. B., and M. H. Fresen, 
Assoc. M. Am. Soc. C. E., was published in November, 1936, Proceedings. — Discussion on — 
_ the paper has appeared in Proceedings, as follows: March, 1937, by Messrs. R. A. , Monroe, ae 
wae o Rudolph, and Peter Bier; April, 1937, by Adolpho Santos, Jr., Assoc. M. Am. 
Be Soe. C. ; May, 1937, by Messrs. Joseph D. Lewin, F. Knapp, and Ralph W. Powell ; and < 
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* Lov Be Recently, a case came to the writer’s attention, in which two pipes ran © 
ws parallel ‘to each other from the side of a reservoir and were e joined at their a 
lower ends by a U-bend. pipe had a valve : near the reservoir and the 
+s ey valves were under a a nie head of 66 ft, one valve being open and the other > 
closed at the time. pipe also had a turbine connected near its lower 


end, one of which was shut down, and the other Tunning. The “operating 


turbine was then stopped by quick, not “sudden” closure of the gates 
aa sa (that is, the closing time exceeded the total time of the pressure wave), but a 
the resulting pressure rise was sufticient to tweak the closed valve that 
was more than twice the static head of 66 f ft. = 
It would appear desirable and necessary, to include the water- 
hammer effect in a much more exact manner than by merely taking its aver- 
age value. In the Symposium on V WwW ater Hammer sponsored by the Society, 


among others,4 A. W. Billings, M. Am. Soe. C. E., has shown that 
study of -water- hammer modifies | the design of the pipe line greatly. - In view a 
of the fact that the pressure rise due to this cause may be so easily arrived at - . 


graphically,“ even in fairly complicated systems, i ‘it would that it should 


Symposium on Water-Hammer, A. S. E., Hydraulic Div., and Am. Soc. Cc. Power 
te _  _ 4“ Simple Graphical Solution for Pressure Rise in Pipes and Pump Discharge Lines” a ee 
by Robert W. Angus, Journal, Eng. Inst. of Canada, February, 1935; also, “‘ Water-Hammer _ a: 

in Pipes, Including Those Supplied by Centrifugal Pumps; Graphical Treatment 
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RECLAMAT ION AS AN AID TC O INDUSTRIAL AND 


CHARLES P. Wu ILLIAMS, 24 M. Am. Soc. E “(by letter). clear and 
convincing argument regarding what may be accomplished by the ‘co-ordina- 


tion of agriculture and industrial contained | in this paper. 


ane 


stitute a ‘difficult problem. the irrigation projects built 


by the U. U. S. Bureau u of Reclamation 1 none can be considered, in 1 itself, a = oe 
mercially feasible investment. A project that cannot return the construction bet 


cost, without interest, within twenty-five years or more, cannot con- 
sidered commercially feasible. By no means does” it follow that the in- 


estments were not justified. Incidental to the agricultural project, towns 
de veloped within the irrigated areas, with small mercantile s stores of all Z 
kinds. ‘There “were established sugar factories, alfalfa meal 1 mills, flour 


mills, creameries, cheese factories, canning factories, packing houses, and 


other small industries" of various kinds. The benefits of ‘the project were 


ot ‘confined to the irrigated area. . A ‘market was created for materials 


“supplies. manufactured outside the project. The prosperity such 
projects” undoubtedly would be greatly increased by the introduction of 
other industries for supplying not only existing local but also the 
demand created the increased population. 


In the paper, attention is called to the tendency the 
zation of industry. Such decentralization has been due, no doubt, not only 


the greater | economy of. relatively small ‘production ‘units, to which 
call ~ but also to the very land i d in, or imme- 


a sites, high taxes, an 


living, for employees. Such p of course, has been o1 on 


*Norg.—The paper by Ernest P. Goodrich and Calvin V. Davis, Members, Am. 
Sued E., was published in November, 1936, Proceedings. Discussion on this paper has — Bre 

peared in as follows: ‘March, 1937, by Joseph Jacobs, M. E. Meclver, and C. 

Jarvis ; and April, 1937, by Messrs. John P. Ferris and L. C. Gray. 


* Cons. Engr., Comision Nacional de Irrigacién, of Mexico, D. F., Mexico. 
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ON INDUSTRIAL AND AGRICULTURAL BALANCE Discussions 
‘ 


initiative of the plant | owners has 


Er benefited by a lowered cost. of living and ‘more ‘agreeable and — liv- i 


The marked increase in during the prosperous 
4 


1923 is discussed well as ‘the 


1923 to 1927, examples have been ‘cited of 
increase in | efficiency in various industries by ‘introduetion 
of ‘machines and more efficient - methods, thus reducing | the labor necessary, — 
and adding greatly to the army of the unemployed. 
The authors are of the opinion t that the if adopted gen 
erally, would be effective in reducing unemployment. The writer 
; doubts” the ‘validity of this. conclusion. unless other ‘measures, not mentioned — 
by the a aU uthors, are taken. ‘The economic structure of the United States t 
is a very intricate and complicated system, and a complete and comprehen- 
ee ts ‘sive discussion of the causes of depressions and recoveries is obviously far Mi ' 
beyond the scope of this discussion. However, there are certain basic prin- 
the system which, the writer, appear to be evident. 


__ Undoubtedly, there are ‘many factors which contribute to unemployment, 

One very important factor, if not the important, is the introduction 
of machines an more efficient ‘methods, thus reducing» greatly the number 


men necessary for the accomplishment of any industrial work. How- 
ever, no sane man would advocate the discard of machines, or the return 
to less efficient methods. Even greater efficiency is desirable wherever 
The problem is to determine how efficiency can be retained, and 
even increased, and, at ‘the same time, how to eliminate unemployment, 0 a 
which is such industrial and vocational pa 
‘that all men capable of working are employed and that all. are re- 
ceiving such just compensation as enables: each to satisfy his needs of goods 
the country as for the “4 
10 ‘per “cent. Tf then ‘the industriel an 
is we one of the following two plans, or 
combination of the two, ‘must be adopted: 
The total number of hours of work of those engaged in production 
or se service may be reduced 10%, each individual receiving such ‘compensa- is 
‘as will enable him to continue to satisfy his needs of goods produced 
(B) The number of hours of | work per individual and the “wages or sal- 
aries per individual, in the industries | and vocations in which machines and 
more efficient methods have been be retained 


— 
i 
— 
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amount of production and service as before. Those’ in these 
industries and vocations may be employed in new industries or services, 
with appropriate. hours of labor and appropriate compensation, or in 0 
industries: or services in which the forces employed therein are insufficient 
‘supply the demand for the products | or services. 
“Under Plan (A), t the cost of production and servi vices, prices, ability” to 
purchase, ‘and profits will remain the same as before, The only advantage 


be that: All are employed as before; (2) every one will be able. to 


“enjoy the same comforts as before; and (8) the workers will have 
leisure for mental improvement, social activities, similar 
on Under Plan (B), each of the workers retained in the former industries 
‘ iy and vocations will receive the same wage or salary as before. However, the 
d cost of production and service will be reduced, prices can be reduced, and 
we the worker can buy the products and services before purchased for less t | than = 


the sum originally expended therefor, leaving ra a part of his ; earnings for the 
purchase of goods produced in the new industries and of the “new services 
introduced. Likewise, those employed in the new industries and vocations | 


will be able” to purchase their proportionate parts" the goods originally 

produced and the services originally rendered, and also. the products of the 


new industries and the services those in the 3 new vocations. 


Plan (B) evidently is preferable to Plan (A). Under Plan (B), ae 
higher standard of living will result. Owners of industries | may receive the 
a same profits as before, | but at a higher percentage, or they may receive even i 


greater profits if not all the decreased cost of production: is applied to. 4 


to the very great reduction in n labor needed in’ industry in 


it probably would not be possible to provide sufficient work in 


industries and new vocations to reduce unemployment, greatly. ‘Such great 
B neaneiong could probably be accomplished only by the combination of Plans 


the plan of combined agricultural and industrial development, sug- 
gested by the authors, it is proposed that the workers. be ‘employed part- time ee 

bs 
in the and ‘time agriculture. _ Agriculture is 


products. ‘The decrease in the of labor per 


- 
+ 


£ man in industry would increase the number 0 of men employed i in industry, ee 
but if the reduction hours of labor per 1 man in industry is applied to 


agricultural production, to the same extent would farm labor by "those 
engaged primarily agricultural pursuits be reduced. 
pik The writer does net wish to be understood as being of the ‘opinion that moe 
the Madera District would not be benefited by the plan ‘proposed by the > 4 
authors, He believes that it would be. More e particularly would the indus- 


trial workers: be benefited by being occupied part- time healthful, ‘outdoor 


» 
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me ducing unemployment, however, he believes that it would have little, if cs Ha a 
value, 


ing might result in greater efficiency, the allotting of individual tracts to a 
workers would be more beneficial for the reasons stated by the authors. i 
this « case, it is believed that efficiency is of less importance than the psycho- — 


effect. be desirable to have a _deinonstration farm 


ap entire 25 000 acres, ‘the case poy Madera District). Individual 
allotments could t then be made therefrom as the ne, become competent to 


i conduct their own operations efficiently. The stabilizing influence, to which 


authors refer, would be much greater if each man had proprietary 


ig seca in his o own individual tract than if his work were on a co-operative »4 
As far as conditions would each could live | on his tract 


be necessary, but it need not operative, except for single 1 men 


authors propose that the managing, ‘onl “presumably the financing 
the industrial gardens ‘be by the several ‘industrial companies. 


_ philanthropic and altruistic, but, in general, their chief aim naturally is to 
a maximum farms, like company stores, and large 


* 


believes this to be inadvisable. Some industrial owners may be 
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MODELS 


Discussion 


BY POWELL, M. Am. Soc Soc. 


Raven W. Powett, 2° M. “(by letter). model 
[ testing ‘has become well recognized as an essential part ‘ot hydraulic design, — 
and, therefore, the authors have placed all hydraulic engineers i in their debt _ ; 
sharing: valuable information as to methods and costs. During the pe- 


riod covered by the tests, the writer was s serving a: as Hy: draulic ] Engineer for i 2 


‘the Muskingum WwW atershed Conservancy District, and had the pleasure of 

- observing several of the tests in progress, and o of making a fairly thorough Sa 
study” of the complete reports?) which were prepared. This contact gave 
writer a high regard for was” ‘accomplished under very definite 


As far as the writer is aware, ‘no € equal amount of model testing has ever N« te 
done in one laboratory od an equal length of time. “Thirteen models 


“constructed and tested in about ten “months. was possible only 


4 by working the models on three 8- hr shifts, and meant 13 or 14-hr_ days 
for the Supervisory Staff. 4 Although the authors are to be congratulated a. 

~ the work done > under st such conditions, they would | probably be the first 
admit that the results ; might have been better if more time could have been — ae 
taken. Engineers who wish model tests comparable those described 


if “possible, allow at least months for each model. If the 


laboratory are sufficient, several models may be tested 
taneously, but in this case the numbe 


Nore. —The paper by George E. ‘Barnes, M Soc. C. J. G. Jobes, Jun. Am. 


tee. C. E., was published in December, 1936, Proceedings. — Discussion on this paper has s 
ee in Proceedings, as follows, May, 1937, by Messrs. G. W. Howard, F. W. Rdwards, a. 


Assoc. Prof. of Mechanics, Ohio State Univ. , Columbus, ‘Ohio. 
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The problem of -piezometer readings has” “already been 
of the uncertainty of many the ‘readings the writer 
the hook- gages were not an unnecessary ‘refinement and whether direct reading 


At 


‘manometers- arranged i in “ gangs ? on boards’ would not have been sufficient, 


‘This: arrangement has the advantage that the prototype elevations can be 
x marked plainly on the board, and a photograph will give a permanent ‘gecord 


Me 
ae heen of all the ‘readings: at the same oo _ If any tube is much “ out of line” ; 


it will be noticed at once, AG 
The value of 0.0091 for Manning’s n in the Mohawk model is entirely 


oe ‘possible, but the writer does not feel that much weight can an be given to such ‘ 


measurements. Prandtl and T | state that in the case of turbulent 


q 


the kinetic head increases from to .09 — in the first 40 

diameters" of the of the pipe. Ina “complicated structure like the 
outlet works of the Mohawk Dam, is somewhat of a question what point 
to consider as the entrance, but using x the gate slots, the points at which the =o 
pressure was measured were approximately 11 a an nd 21 tunnel diameters — a 

down stream from the entrance, respectively. How much of the 0. oe — > 
difficult. to ‘say, but it may have as much as | 0.02 —. This t 

would be » of ‘the order of 10% or of t the entire pressure observed. 
This fact, coupled with the admitted ‘uncertainties in the piezometer read- ‘ 
‘ings, , makes the figure 0.0091 of doubtful value. This is entirely apart from 
doubt which grows in writer's mind | as ‘to whether Mane 


expressing £ fluid friction in conduite is badly. neede 


Applied Hydro- and Aero-Mechanics ’’, by Prandtl and Tietjens, McGraw Hill Book , 
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a GRAPHICAL DISTRIBUTION OF 


By A. A. EREMIN, Assoc. M. AM. ‘Soc. CE. 


A. A. EREMIN, 38 Assoc. M. Soc. C. E. (by letter). 380_An interest- 


29 method of computing foundation stresses means of ‘the Boussinesq 

a - equi 1 uation, is contained in this paper. — Mr. Burmister has applied his ‘methcd 
his to o footings with uniform pressures. However, Fig. 3 may | also be used in in oa ad 
co omputing foundation stresses beneath footings with ‘non-uniform ‘pressure 
ad distribution. The areas of “such footings should be expressed in terms of 
transformed area. For ‘or instance, assume that the pressures in terms of 
Footing No. 2 (Fig. 16), are are 4, 6, and 5 tons» per sq ft at Corners a, 


- 
4 | 

16 — TRANSFORMED ow oF Foortne No. 2. IN ‘Tons 
4 paper Dortiald M. Burmister, Assoc. M. 


January, 1937, Proceedings. Discussion on this paper has ‘been ublished in Pro ; 
as follows: "May, 1937, by Messrs. William B. Kimball, I. M. Geerge 
ra ell, and Jacob Feld; and June, 1937, by Messrs. Nathan M. Newmark, A. EH. Cummings, ay 


Bridge Designing Engr., State Highways, Dept., Sacramento, Calif, 
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2s vary from ; = 4. 66 tons ] per sq ft to Do: 
-16(a)). 
6(a)). By the length, the area of th 
uniform pres- 


|, Fig. 16 16(a), with 


pressure of” = 3 ‘tons sq 1 ft, is shown in "Tig. 16 dotted 

lines, d’, and f. Area, (Fig. 16) is revolved 180° about Line 

and is also converted transformed into an equivalent uniform pressure. 

stres: ses beneath transformed may be computed 

e pressure, curves pond the footings are re irregular, ‘the area of the * 

g the arcs may be determined by planimeter mea- 


‘surements, approximate s ation. The width of the transformed 
foot are, Io, ‘will 


the area of the pressure diagram, and p ii is | the assume 


oundation pressure may be ‘assumed d to 


ation stresses beneath multiple footings. of “the: labor involved in 


his: method is that required in preparing the charts for pressures in planes 
a if 


t various ‘depths, a and the author, therefore, should be encouraged to pre- 


ent his complete set for’ practical use in design problems. ‘Without ‘such 


charts, ‘if the pressures considered are produced | by a single footing, foun- — 
dation stresses could be in Ae the ‘graphical method 
construction 


ax 


@ 


me 


and d, respectively. In_Sectio 
ae 
q from Point A, the pres 
— ene tons per sq ft (see Fig. i: 
pressure diagram may 
sure. The length, Jo, of the tooung in 
(4.66 + 4.50) 5 
ormed area may be constructed along the ares 
Phe width of the transforme ny 
— | 
— 
— 
— Aa 
wr 
(22) 
in which A» is uniorm 
#5 i nnd ation pre ppvenience Of computations 
— 
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IETY “OF ENGINEERS 


Or 

STRUCTURAL ANALYSIS ‘BASED ‘UPON PRIN- > 

CIPLES PERTAINING TO. UNLOADED MODELS 


B. Assoc. M. AM. Soc. (by 


writer views this paper as a contribution to the field of analysis of 


tures by models and from this v vantage point: suggests that it provides a real 


contribution in a field that receives” altogether too little attention from the — 


"practicing structural engineer. . It has been the writer’s experience that the 


influence line in general takes on no real and lasting significance until 


_ perienced and handled i in the form of a model. _ After working with several 


model methods for a ‘number of years, the re-thinking necessary in reading 
- this paper has s served | a valuable f function i in bringing Maxwell’s theorem, — re ae 
_Hlope- -deflection principles, influence lines, a and ‘the model and its prototype 


is is undoubtedly, true that the fact that models may. only studied 


in connection an existing tangible model, has led many engineers” to 
neglect this approach in favor of one of the many methods requiring only 
pencil, paper, and rule as adjuncts to fundamental | ‘thinking. Thus, 
It is probable that the majority o of efforts along model lines have been con- 

fined | to university laboratories and a few of the larger engineering offices. 
is unfortunate that this condition exists since it does not follow 


model method “requires the u: use ane expensive set of equipment. 

" deed, i it has been the practice of the ds: to accompany | the discussion of © 2 aa ea. 

influence | lines by p practical demonstrations on the blackboard, making use 

a wooden spline and half a dozen small steel pins inserted in 
In this manner, using a sharp piece of chalk and 


stick for measurement, influence line results are obtained on fairly 
complex structures which check theoretical computations to within 15 per 


cent. Of course, , the general usefulness of the model method is much ex- — aa 


NOTE —The paper Otto Gottschalk, Esq., was published in January, 1937, Proceed- 
ings. Discussion on the paper has appeared in Proceedings, as follows: March, 1937, by 
Messrs. L. J. Mensch, and Frederick Shapiro ; and May, 1937, 7, by Messrs. James: Rz Grit. 

Assoc. Prof. of Civ. Eng. a Dept. of Civ. Univ. of | Washington, ‘Seattle, 
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nded by the a availability | of accurate and more » abeiete equipment offered 
has been the writer's experience that ‘much of indifference | to the 


ae iti is 5 suggested that even so complex a problem as ‘that illustrated in Fig. 1 
oof the paper ‘might be solved with an accuracy within 10% or 15%, through 


the: use of a few carefully selected wooden splines, a dab of glue, and 
| brads. The model can be constructed and mounted in an hour. 


two suffice to trace off the influence line from which the 


on the Mohr which has cited by the writer 
elsewhere, is developed by ‘Gottschalk. method has merit, 
is regrettable that. he failed to e extend it the ‘computation of 
in rigid | frames with variable sections. — The » advantage of ' rigid f frames and 


x 
-variable sections is evident and it is a serious limi- 


ore of the method that it can be applied only to structures with constant — 


The computations may be divided into two steps: (1) Computing the 
y b p 
-—stifinese factors, ‘Ss, at each end of ‘members i in the frame; and (2) computing ¥ 
the factors, f. The stiffening factors” express elastic properties: of 
frame and do not vary with loads on the frame. ‘The factors, ‘computed 


’ a section in the frame at which analysis of stresses is desired. The final 
shear stresses in the frame determined by the 
algebraic expressions involving the Factors and the loading. The 
be extended to determine stresses in rigid frames with variable 
tions. Computation of the stiffening factors, and loading factors, f, for 


variable sections m may be by preparing tables: of for the 


"sections, “involving the factors, f,’ be of solution 
practical 
In rigid frames more than one story in height the value of S, cannot 
be obtained by « direct ‘must be’ ‘assumed, and true values 


refore, the labor ‘Te- 


Associate Bridge Designing Engr., Bridge ‘Dept , State ‘Sacramento, 
Received by the Secretary July 23, 1937. 
Am. Soe. C. E., Vol. 96 
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obtained with ease for any load distr to be a 
‘solution yielding the exact theoretical influence 2 
oe | several evenings, but the result is likely to be an enthusiasm for the om: = 
| as an adjunct to structural analysis, be 
7) Bhs A. A. Eremrn,?? Assoc. M. Am. Soc. C. E. (by letter). An interest z 
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in which Vo = shear stress at. one end of a member assuming both 
freely supported; and M = = = the restraining bending moments at 
‘ends of a member; and / = = span length of the member. Evidently, the a 
time and» effort required for computing Factor f and the shear ‘stresses is wre 
not less than that required for computing the restraining bending moments, aad 


and M,, and shear stress, Vo, o, in Equation | (68). 


a. The author’s method is convenient in the construction of influence lines 


for bending ‘moments and shear stresses in -Tigid frames. Likewise, it 
be used ‘conveniently i in the analysis of stresses in rigid frames and con- a a 
‘tinuous beams that have a single statically indeterminate reaction. ae 
ever, in computing bending moments and shear stresses for each member i 

of a multiple-span rigid frame the method ‘computations a 
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I SCU SSION 


| = FREQUENCIES 


By C. H. EIFFERT, M. AM. Soc. C. 
H. M. Soc. C. E E, (by letter) writer is very in 
much interested in this paper ¢ and is pleased to note that the authors apply 


the method of combining years of record of a number of stations to be used to 


the determination of frequencies. This method used extensively in 
one of the Technical Reports of the Miami Conservancy District, “ Storm by 
Rainfall of the Eastern United States”, published in 1917. ‘This report was De 
revised and reprinted in 1936. Elsewhere, 88 the writer has fr 


emphasize. ‘some of the ‘possibilities | of this for increasing the use- 
fulness" of precipitation records of f comparatively short duration. The 
Miami Conservancy District studies were of great storms lasting from 
day to 5 days” and made for flood-control “purposes, whereas the 


eo age described by the authors were made in connection wih sewer de- 


sign ‘and refer to excessive precipitation lasting from min to 2 hr. How- 


the principle of combining the years of record is ‘the same. 
It is perhaps pertinent to state that judgment and. caution must be used 
application of this method. The area which the records are 


must have uniform 1 rainfall characteristics otherwise, the results| 
will not be correct for different points: within: the area. For instance, 


area ir in which there are” great differences in altitude “would, probably also 


“a have great differences in precipitation both as to type and quantity. b 4 
years of record for stations in such | an area could not be combined satis: 


the individual stations should be long e nough to cover 
Bs. ae fairly complete e rainfall ¢ cycle. Such eycles : are indefinite at best ; yet it 


is well known that periods of wet and dry years do occur. _ Therefore, any 


record ‘so short that it covers” a wet or a dry period only 


—tThe paper by A. J. M. Am. Soc. C. E., and the late B. E. Grant, 
3 Esq., was published in February. 1937, Proceedings. Discussion on this paper has — 
ber published in Proceedings, as follows: April, 1937, by Messrs. Victor L. Cochrane, 0m, 
L. K. Sherman; and June, 1937, by Messrs. J. 0. Jones, Charles W. Sherman, Glen N. Cox 
_ Garrett B. Drummond, Eugene L. Grant, Adolph F. Meyer, and Clinton L. —- . 


by 31 Chf. Engr. and Gen. Mgr., The » Dayton, Ohio. 
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the aforementioned work of the Miami Conservanc District, the 
eastern half of the ‘United States was divided into 2° quadrangles. The 
records of the stations in each of these quadrangles were added to obtain 


S 

4 

total ye years of record the quadrangle. Records of less than 5-yr 

Fe duration discarded. The size of the quadrangles” used is” somewhat 
arbitrary. It should probably be changed in order to obtain the ; most satis- 

“factory results. for certain localities. ‘In the ‘study of the entire eastern 

half of the United States es this refinement ‘could ‘not be attempted on account 

There seems to be no good reason for combining the records: of stations 
far apart and differing as much. in climatic character as Boston, Mass., 
Ss. ‘Dak., and Knoxville, Tenn. The combination of records from 


stations in the Chicago area should be quite satisfactory. is true 


4 


that the records of a number of the stations are much shorter than is de- ce ae 
_ sirable so that only part of a ycle i is covered and this fact should be borne — a 


in mind when the data are being used.38 adil Even if the period is short it is a - 
“probably the best possible way of using these records. Is will | be necessary 
revise the curves from time to time as records accumulate. 

ey 


very val luable publication on “ Rainfall Intensity- -Frequency Data”, 


the late David L. Yarnell, M. Am. Soe. C. was issued by the U.S. 


as Department < of Agriculture in August, 1935. record. “covers periods 


to 5 min to 24 hr. ‘The values taken from ‘the authors’ curves for —Chi- 
cago agree very closely with ‘those for the same location taken from 


1 writer has seized every ‘opportunity in ‘the past to emphasize t the 


necessity for obtaining more complete records. of rainfall and run- -off, and 
le cannot refrain from doing so again i in this connection. The U ‘S. Weather 
Bureau needs many more recording 1 rain-gages. The records should be made 
| 
4 _ continuous and should not be subject to termination on account of lack of | = 


ed they are at the present. ‘time. _Fragmentary records | 


re 4 a great deal of their value for the aforementioned reason, _ namely that they 
Its cover: parts. of cycles, Engineers should emphasize the importance of 
an records whenever possible because legislators, as a rule, do not realize 


for Transactions: Pages 234-235 (February, 1937, Proceedings), Table 

4, Column (11) read “ Dodge City, Kans.”, instead of ‘‘ Dodge city, Iowa’ oe sual — 
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CIVIL ENGINEERS 


DISCUSSIONS 


FLOW. CHARACTERISTICS IN ELBOW 


By ELLERY R. FosDICK, Esq. 
R. Fosoiox, 27 Ese. (by letter). improvements which 
* eretofore have been made : in the. science of hy draulics as related to power ; 


production, have been almost entirely in the field of dynamics and have 


usually been confined t ‘such equipment as “turbines, needle- valves, 
velocity-recovering ability. Ee draft- tubes, and intakes to flow lines. | Prac- 


tically no attempts have seemingly been made to improve the ‘design and 


characteristics of such important structures as bends, elbows, 
wye-branches. The excellent work Presented in this paper by Professor 
_Mockmore, ther efore, is valuable addition. to the thet | 


wye in conduits are 
quite large to more ‘consideration than is 
he ally given them. ‘They are of sufficient magnitude in ‘some installations to 


warrant the expenditure of additional capital for their reduction. 


Draft- tubes are normally subjected to very low heads or a partial 
um whereas” conduit bends and wye branches: ‘operate under higher 


heads. follows, therefore, that the type design which is most s suitable 


eg cs for a draft- tube may ‘not be practicable for use in conduit bends and» wye 

branches since for this type of structure it must possess mechanical star 

bility under high heads and, at the same time, be justifiable economically. 


improvements that have been made hydraulic structures, other 


than, bends and wye branches, have reduced the losses occurring in them 
ie iS to such | a low point ‘that n no material improvements can be expected | in the 


sees future and, therefore, the only changes which it. ‘is likely will | be made are 
refinements that may result in very _minor increases i in efficiency. On the 


other hand, the designs: of bends and _wye branches have not been “changed, 


ag Notr.—The paper by C. A. Mockmore, M. Am. Soe. C. E., was published in February, 

-: 1987, Proceedings. Discussion on the paper has appeared in Proceedings, as follows: April, 
= by F. T. Mavis, M. Am. Soc. C. B.; May, 1937, by_Jerome Vee, Assoc. M. Am. Soc. 
C. E.; and June, 1937, by Messrs. R. E. B. ‘Sharp, and L. 


* Received by the Secretary June 1987. > 
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September, 1937 FOSDICK ON FLOW (CHARACTERISTICS IN ELBOW DRAFT- UBES 


for the most part, since the inception of conduits, having a circular Cross- — 


section, and the losses these structures are in some 


to improve designs toward the end of increasing their eff 

 General.—In: view of the foregoing fac the writer has an 


investigation during the past few years similar. to that made by Professor 
-Mockmore, to determine the character of the losses that occur in bends 


wye ‘the different types of bends: investigated by 


= The passage of a fluid around a bend in a ‘conduit ‘results in a pee nig 
spiral eddy in which the diversion loss occurs. This eddy is produced asa 
result of the ‘distortion to the normal distribution of velocity and an _ab- 
normal ‘pressure created the centrifugal thrust of the fluid. These 
phenomena have been studied by several investigators, 28 and ‘the results of 
their work have been previously available to the Engineering Pro- 


fession through medium of various technical publications. Conse- 


quently, no further discussion of the subject will be given herein, 

‘Tt ha s been known to hydraulic engineers for some time ‘that. 

from a bend may be decreased materially through the use of 


conduit flattened in a | plane | at ‘right angles to the plane or the bend. be Such | 
Tae a structure, however, is suitable only for very pat heads and could ‘not be 


7 made ‘physically stable for high heads without excessive cost. 


ry conduit bends would be more less limited to a cross- -sectional "shape 
bond was circular, or some part of a circle, s so that it would ' tend to ‘main: 
tain its” normal contour under high ‘pressures. After much investigation 
of this problem before the | beginning of these tests, it was finally 
to study a bend with semi- cireular cross- “section with the shortened iam- 
“eter lying in the plane’ of the bend: Such a ‘conduit might be easily con-— 


ble for use under high pressures from a circular pipe by merely 


Intalling a diametrical partition wall with relatively small vent holes a 


ye 
, which would transmit the fluid pressure to the side of the partition 
ly. val away from the moving column of water. In n this ‘manner the _hydro- 


static "pressure of the fluid would be exerted upon a physically stabl 
‘Structure with a circular cross- section, while the dynamic flow would take 


the ‘lace having a “semi-circular cross-section t e par 


y have to withstand the fore 


aon Laboratory at Washington State College, Pullman, Wash., using 
a  * Flow of Water Around Bends in Pipe ”’ , by the late David L. Yarnell and Floyd A. 
Nagler, Members, Am. Soc. C. B., Transactions, Am. Soc. C. E., Vol. 100 (1935) p. 1018; 5 
a Modern Conceptions of the Mechanics of Fluid Turbulence ”, by Hunter Rouse, Assoc. M. 
: c. C. E., Proceedings, Am. Soc. C. B., January, 1936, p. "21; “ Loss in 90-Degree ag 
Bends of Constant Circular Cross-S ection *, by Albert Hofman Transactions, eae H 
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the namic flow of the fluff passimp arouna tie Dena. 
ed, — 
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was a straight 6-1 -in. pipe 16 ft long. The 


a 


ON FLOW ‘CHARACTERISTICS IN ELBOW DRAFT- — 


| 


a a standard 6-in. pipe for the supply and discharge limes: from a 90° test 
bend. A schematic arrangement of the flow line which was ‘used for these 


Se, apa is shown in Fig. 20. It will be observed that the supply line we... 


32"1 1" 


ac 


i 


< "05 
6" Pipe 


straight section of ‘6-in, 


supply was obtained from a centrifugal pump, ‘and the flow was 


test bends were inserted between these two ‘sections of pipe. ‘Th The water 


is 
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‘heated: within. very close limits. T he flow was regulated by means of 

valve on the discharge side of the pump and the > pressure on the flow lin ne 

test ‘was: s regulated by: means of a valve in the: discharge pipe. 

measuring | sections were | laid out along ‘the 6-i -in. ‘pipe, as shown in 

Fi ig. 20. our piezometers were placed at each of these sections, spaced 

: 90° apart, with two of them lying in ‘the plane of the bend and two in ‘the 


plane at right | angles to the plane of | the bend. Each of these piezometers 


of a “hole which had been drilled radially into the pipe 
rf reamed with : a specially built reamer so that the broken bits of metal were & : 
a removed from the inside of the pipe at the edge of the hole and also so that A: 
the inside edge of the hole was slightly rounded. Figs. 23 and 23 show the 


supply line and a test bend in “place in the flow line and the line. 


238. —DISCHARGE AND 


vertical, glass tube manom- 
4 the tests. s of the first ‘two bends, of 


the third a 6-in. sins tube placed in series. 
ween each manometer er and the ‘piezometer for the purpose of damping 


"satisfactory than 1 the one originally y used. 
‘Three types pes” of 90° ben nds w were tested; the first had semi- -circular 


ey cross- section with the same area as a ‘standard 6-in. pipe with the flat side 


. of the semi-circular cross-section at right angles to the plane of the bend a 


and on the side of the pipe away from: the center r of curvature. This teed 
connected to “the: pipe having circular Cross-8 -section by means of ae 


transition sections. After ‘some preliminary tests had been run on this 


‘Particular bend’ another one was constructed, i in which ‘the: transition and. 

the bend were e cast integral in one piece, This bend is shown in Fig. 24. a 


i 
i 
| 
an 


FOSDICK 0 ON FLOW CHARACTERIST IN DRAFT- TUBES 


mee 


The next set of tests was run on a -6-in. flanged, short-radius 
- elbow. ‘The third : set of tests was run when using a semi- -circular bend 


— with a cross- -sectional shape similar, to that in the first: ‘set, except that te 
ie flattened surface was located on the ‘side ‘of the bend nearest the center of 
shown in 25 and 26. All the special bends 


Fic. 25.—ENp View oF IMPROVED = 


tested had the same > radius curvature on the face of the farthest 


from the « center of curvature as the standard bend. total of 10564 
Servations was made of the losses and ‘corresponding flows for the first two 


these bends, and 4.496 observations made of the third one. The 


results. of these obser ations have been ‘computed. and analyzed graphically. 
A ‘summary of the information which ch has be been obtained © follows. er 
Method of Testing. —Observations « of pressure heads were made in the 
manometers connected only to th the right- hand piezometers- at the various 


stations along the flow Tine, the ‘equation between the water. level 
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a the right- hand: and left-hand piezometer at each station 
the test runs, and r recorded at the end of each group ‘of 


A group of twenty- -five simultaneous readings a the pressure head in 
the flow line was made for each condition each station “when 
testing: the standard bend and ‘Special Bend No. 1 These readings were 
made at 10- -sec intervals and were found to cover “at least one complete 
eyele of the variations in pressure that: were found to be present in 
Tine under stable conditions of flow. Consequently, the average of 

se twenty- -five e readings for any one flo flow completed a fairly accurate 
measure the normal average ‘pressure head existed during the 
making the observations ‘for Special Bend No. 2, the number of 


consecutive simultaneous readings that “was for any one ¢ condition 
oof flow, was reduced to twenty, as this appeared to be adequate for th the — a 

degree of accuracy desired. The method of | reading ¢ d the interval of ae = 
time betwéen readings were the same as for the previous t sts. me. ee 


1 Dee to the limited number of observers i it was impossible t to read all the 


piezometers simultaneously and, therefore, it was necessary to t take three 


groups of readings for each test run each of four adjacent stations, 


f The stations that _ were read in eock roup of observations had to overlap in 


order to determine a continuous hydraulic gradient for the entire flow line; ie 


that is, the last, « or fourth, ‘station in the first and second groups of aN 

4 Observations of readings of ‘the’ head on 
weir at 30- sec intervals throughout each test tun. The head on the 

was measured with a standard hook- -gage and the observations 
read to 0. 0001 ‘The “standard bend tested under ‘fifteen different 
of flow with a range “of velocity 2. 5 to 7.2 ft per sec. 
Improved Bend No. 1 was tested with a total of twenty-one different flows, Rk 
having” a range of velocity. from 2.4 to 7.1 ft per sec and Improved Bend © ae 


No. 2 was tested for nine different flows having a range of velocity. from 


Computation of Results.—The loss “resulting from the fluid 
passing around the bend was found by subtracting» the total friction loss 
in the flow line from the total in the flow line. 


A. The temperature of the water passing ‘through this flow line during the 

ests: was measured at frequent intervals, and, from this, it was possible 

ascertain the kinematic viscosity. With this factor and ‘the ‘mean veloc: 


ity, of the fluid and the diameter of the pipe known, it was possible to 
: compute Reynolds» number for the various conditions of flow. af 


fords a dimensionless for the results of these tests 


having the same 
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tt will be observed from Fi ig. 27, which contains a summary of the — 


- information obtained in these tests, that ‘the diversion loss factors for the 
standard and bends: ‘approach a a constant about R = 25 0 000, 


3.032 in. 
Ay = 0.2006 Sq Ft 


STANDARD 


urvature 


= 


v 


f H, 


ms of 


Line of c 


wer 


SPECIAL BEND NO. 1 
3 


Special Bend No 2 
- = 


Center 


Diversion Loss Factor, in Ter 


3.032 in., r= 
Ar= Ar'=0.2006 Sq Ft 
Fic. 27.—COMPARISON OF DIVERSION FAcToRS FOR VARIOUS 
OF CAST- IRON FLANGED DEGREE | BENDS 
is in accordance with the observations other investigators: 


3 the loss” factors for a of approximately 
250 ( 000 ; may be u used with fair degree accuracy in computing the 
losses with a flow havi ing a Reynolds number many times greater. a a 
observations were for Reynolds number much less. than 

000, as this represents a very low velocity of flow for pipe of 

this size and is a condition | that is not ordinarily importance in. the 

"operation of hydraulic structures, therefore, although i it may be of theo- A 
retical ‘interest, ‘it is not of any practicable importance. It is probable, 
however, if observations had been made, the loss factor curves ¥ 
would have followed. | approximately the “course indicated by 
‘in Fig. 27 indicate 


considerable. “reduction can made in the diversion losses 

result from the p a fluid around a a conduit bend by the use 
of conduits having a semi- -cireular "shape when they are arranged with the 

flat side s at right angles to the plane of the bend. ‘This is. in —— 


conclusions reached by Professor Mockmore and others 
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by flattening the structure in the plane of the bend. The semi- 
gee oo shape the conduit bends that have been used in these tests — 
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| 


losses whereas the bends that. wae tested by Professor Mockmore were 
designed for under heads. As a result there is not st sufficient 
similarity between the that were tested a com-— 

The loss factors for Special Bend No. with the flat side radially outer- 

' most were found to be materially less ‘than the co: corresponding loss factors SS 
for a standard bend of circular cross-section having the ‘same cross-sectional 

which had the flat side ‘radially innermost, were found to. be much less 


=. and radius of curvature. — ‘The loss factors for Special Bend No. 2, = 
the corresponding loss factors for Special Bend No. 1 and 


smaller than. in the losses for the standard bend. 
‘The construction of a conduit bend having» a semi- pas- 
- age for the moving fluid is feasible for operation under high heads with . a. 
shell and partition design. In this type of structure a circular pipe 
having: approximately twice the required ‘cross- sectional area, and designed 
to withstand ‘the fluid pressure, has a relatively ‘thin longitudinal partition 


wall that is. ‘secured in the pipe in a diametrical position in the plane at 
right” angles to the plane o of the bend. Relatively ‘small holes in the par- 
tition wall transmit the ‘fluid pressure both of the conduit with 
result that | ‘the only force acting on the partition wall is the relatively 


= 


small pressure produced by the dynamic action of the fluid. 
_ Acknowledgment. The facilities: of the Hydraulics: Laboratory 
ington State College were made available for these tests by by Car- 


, Dean of the Engineering School, and M. Snyder, M. “Am. Soe. 
3. Woodburn, Assoc. 


Soc. E. much of his» time and energy in as assisting 


the work that was done in the ‘Laboratory, and it was largely through 


and co- operation ‘that these tests were successfully completed. 
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; reducing the unbalance of pressure resulting from the centrifugal thrust a ae 

_ the fluid column and by decreasing the resistance to flow around the bi ee 
on the side nearest the center of curvature. The types of bends tested oe 
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labialis, the factual situation in ‘elie to flood protection is in general — 


accord with the views of the writer. 


Engineering studies of past destructive floods are generally incomplete, 


at or about ‘the: time of ‘the flood ‘the necessary “information to serve as a 


y. Fortunately, there are | some exceptions, however, a 
illustrated the Ohio flood of 1913, "where local agencies obtained much 


valuable by the work of the Miami Conservancy ‘Dis- 
excellent set of engineering reports. Even in in this case 
4 


to the lack in the past of effective agencies to procure and co- ‘ordinate 


dearth of ‘definite information from: the ‘past. oF 


lack « of detailed and carefully prepared complete programs for flood 
relief is obvious, i in ‘United and little 


in co- -ordination with | flood 


Norp.—This Symposium was at the Fall of the Society and at the 
42 meetin of the Waterways Division, Pittsburgh, Pa., October 13 and 14, 1936, and pub- 
lished fh March, 1937, Proceedings. Discussion on this Symposium has appeared in Pro- 
ceedings ‘follows : June, 1937, by Messrs. F. C. Scobey, Howard T. Critchlow, T. T. 
Knappen, M. C. Tyler, “Gordon R. Williams, Arthur T. Safford, W. G. Hoyt, J. D. Arthur, + 
Jr., John H. Meursinge, H. K. Barrows, EB. D. Hendricks, and Ww. Bush. 


Prof., Hydr. ‘Eng., Mass. Inst. Tech.; and Cons. Engr., Boston, “Mass. 
Recei ed by the Secreta 
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ON FLOOD ‘conTRoL 


inhibitions of the Copeland Act of 1936, was 


complete lack of comprehensive river developments thus 
in socord w vith all the other aspects of river conservation and control. 


i flood- control measures, have had an unfortunate effect in causing almost 


of the time should corteialy” not 
sures are only a part of the general plans that should be , made and con-- 


y followed in the full ‘of the streams of the country. 


< 


of flood- -control problems presented this: Symposium ‘show 


that the disastrous flood occurrences of years are — 

3 development of a long “needed, “national, flood- prevention movement. 


Some of ‘the Federal plans outlined by Colonel Covell may be delayed for a 46 

many years, possibly until future flood calamities provide new impetus. 

only a few carried to completion at this time, they 


Probably one of the most urgent needs in connection 


= control work is an 1 adequate forecasting system. ‘Officials: of the Ss. 


P= 


streams in the upper ‘parts of the drainage where maximum 


flood stages occur only a few hours, or. 


_ The requirements for an ideal river and flood service mentioned by the 


late Mr. Hayes,°* if provided in sufficient number in each river ‘section, — a? 
should furnish ‘the necessary facilities forecasting maximum stages 


during most flood- producing storms. _Naturally, they would be _ade- 
quate for cloudburst floods in isolated mountainous 
courses, where crest stages arrive a almost simultaneously with the first 
run- -off (as at Heppner, Ore., on J une 44, 1903, when two hundred people 
4 were drowned,  one- third the town washed "away, and ‘approximately 
Cloudburst floods of ‘the Heppner type occur so suddenly. erratically 
that their prediction probably 1 “never: will rill practicable. ‘In s such cases: 
residents along the lower sections of. the streams “usually must depend on 
teleph mings from up-stream locations. During the Cherry Oreck S 
p hone warnings rom up-stream locations. . During the erry 


- flood of August 3, 1938, caused by cloudbursts south of Denver, Se 


enior Engr., U. S. Bureau of Reclamation, ee ee 


Hayes died November 16, 1936. 


— 
— 
Nent to warran expenditures required for this purpose alone. 
EP Although the destructive aspects of a river in flood must be reckoned : ier 
— 
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rivers where gppreciable time intervenes between the occurrence of story 
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Discussions 


and failure: ‘the Castlewood Dam, “telephone and “radio 
warnings were so effective that only two lives. were lost.°7 Probably the 


only to insure warnings of advancing cloudburst. if such 
ings ‘should ever be considered necessary, would be to install automatic 


= float- -gages a at -stream locations, to connect them 1 electrically with 
the forecasting office, would be sounded when dangerous 


= Automatic. recording 1 river and rainfall gages are desirable for u use in 
forecasting floods i in small up- stream drainage areas 1s. However, they 
‘3 not essential. x About 1917 the writer was forecasting floods in the Miami 
alley of Southwestern Ohio, where ‘the most parts of the water- 
were not more than a hundred miles from the Central “Office. 
operative arrangements were made ‘with the ‘Weather Bureau observers 
whereby | each inch of rainfall and each ey of river rise were reported by 
telephone or telegraph during storm periods. The o observers were 
additional ‘compensation on on the basis of the “number of special reports 
submitted. Consequently, they watched their gages and made their ‘reports 
promptly. The system worked so satisfactorily that accurate forecasts of 
‘river heights could be issued well in advance of the arrival of the eo! 
stages, not only” for the principal cities” of the Valley, but al: also >» for the 


various. ‘construction activities es which “were being earried on hy the Miami 


‘The real value of recording rainfall and river gages in fore- 
casting systems for small ‘drainage areas lies in ‘the s satisfactory data they 
“supply for ‘subsequent detailed studies of hydrologic conditions. The ‘fore- 

casters will want to make such studies after the floods have when 


have time to, analyze all factors carefully. 2 ‘the oocurrence 


time to be of value. telegraph, or 
mission facilities x must be * 


ae during the winter and spring months instead of total run- off Gating the 


spring and summer seasons. Probably the accurate | ‘Measurement ¢ of the 
water content of the snow at selected stations throughout the 


drainage areas will be "more satisfactory for -flood- work than 
“the establishment ‘snow w courses such as are used in ‘the we est. 


a 


Pailure of Castlewood Rock-Fill Dam”, by Ivan Houk, W 
Newe, September, 1933, pp. 373 to 375. 
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oun EL Frep,** M. Am. Soc. C. E. (by letter). proposing five 
changes: in the present plan of ‘operating the | U. Weather Bureau, the 
late Mr. Hayes listed snow surveys as Requirement (c). ‘The method of 

ane 
making show surveys proposed herein applies only to those areas where the 


banks last well into the summer and where the spring floods come 


from melting ‘snows and are e probably confined to the Rocky 
nd the WwW ‘asatch | and Coastal ‘Ranges. Even limited to those areas snow 


water affects” the t territory from the 104th "Meridian, about the eastern 
~ boundary of Montana, Wyoming, Colorado, and New Mexico, ‘- the Pacific 
Ocean, and especially to those areas where irrigation is practical.’ 
In the building of the -hydraulic- fill of the Terrace Reservoir, i in 
the Alamosa River, , in Southern Colorado » covering the years 1908 to 1912, oie 
it was: necessary to know the probable run-off of the a week or more 


in advance, to be able to estimate the probable peak flow from melting snow, 


and to know when the maximum had passed, because any "quantity greater 
than (1200, cu ft (the capacity of the outlet turned) must be stored or 
“carried over the dam by flumes. By obser ving the snow banks, about _ 
miles distant, in the > canyons | and gulches, or in the high 1 mountains of the 

water-shed (10 000, to 12 000 ft above sea level), the writer found several — 
- that were indicative of the run-off to be e expected in the days imonledidtely : 
the observations. The > weather conditions, of course, were taken 


fy 5 
into” account in forecasting ‘the run- off for each day as cloudy weather er 
the melting and clear days augmented 


At the end of four years and with aleodiver-cagrelln of the flow of the river 
the writer felt he could ‘predict the season’ run- off quite satisfactorily, 
g called upon estimate t 1e probable supply for the City” of 
Denver , Colo., in March, 1933, and the predictions later proving to be 
much in it occurred to the writer that a study each spring of 
snow banks on the city water- er-shed would furnish ‘a more e reliable basis for 


which: had been us used in the 1933 estimates. 
Denver Board of Water Commissioners was induced to test the 


_ theory; it furnished telescopic lenses for the cameras and. designated Harry © 
. Soe. E. , to gather the data: A program was “devised 


(since much improved by Mr. Potts) fixing the points from which photo- 
graphs were to be. taken, at least once and co-ordinated 


These records are depended upon by the Board of Commissioners 


It is “the: hope pe of the writer that the current “show 
method to be and reliable and, supplemented by some snow 


Cons, Engr., Denver, Colo. 
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will be valuable to all are 
high n mountain, areas. is his wish that some Federal Department 
will: adopt ‘the method and that it will lead in’ time to. the publication 


: te _ monthly of the probable run-off on each stream, in a ‘manner similar + to the 
reports now being “furnished by the the public. 
Nore. —Corrections Transactions are: March, 1937, Proceedings, 


page 451, in caption of Fig. , change 1936” to read 1997 ”; and June, 

1987, Proceedings, 1189, Line change “178 cu ft per see” to. read 
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THE PASSAGE OF TURBID WATER THROUGH — a | 


ton 


| 
‘of this paper are of exceedingly great interest. It is hoped that more data of 
When water containing silt in ‘suspension enters a relatively clear reser- 
voir, the chances of its passage through such reservoir essentially v ‘unmixed, 
depend upon: The volume of incoming: water ; the ‘slope 
the bed of the reservoir; (3) the roughness of the bed of. the reservoir; 


water ; and (6) the size of the particles in suspension. 
For the same specific gravity, the” greater the volume inflow 


Whe 


(4) the length of t the reservoir ; the “specific | ‘gravity of the 4 
4 


deeper will be the stream of unmixed water; and this. factor, together with 
the : slope and roughness, affects its velocity of flow just as in an ordinary 


stream. is “obvious: that" the greater distance the unmixed 


‘an ‘these conditions must be taken into » consideration for a particular 
problem and additional information similar to tl that furnished by the authors 
| will provide the basis of the constants of flow. 

‘The specific gravity of incoming water depends ‘upon: Its tem- 

‘perature; (b) dissolved ‘matter; and (c) "suspended load. The 

temperature of the w ater entering the lake may be greater than that of “i 


the lake with a to keep on the ‘surface. However, the 


‘ 
&, 


Bsq., was published in April, 1937, Proceedings. Discussion on this paper has ae 
in Proceedings, as follows: June, 1937, bad Messrs. O. A. Faris, Paul A. Jones, Gr we 
Scofield, and Ivan B. Houk. 


=e —The paper by Nathan G. Grover, M. Am. Soc. C. E., and Charles L. = 
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CRE AGER ON | TU RBID WATER THROUGH LAKE MEAD “Discussions 


temperatur negligible in ‘comparison with the variation due 


“specific gravity, incoming is ‘no ‘evidence in Bie 2 to 


show that it had much influence | on 1 the ‘discharge | e of silt from: Lake Mead, 


by the following notes: es: (1) There was no increase in 
; and (2) dissolved matter 
chance to settle, as does’ Therefore, o one would 


that, if the g reater specific of the water due to dissolved 
were predominant, , there would | be ‘some similarity between the” 


inflow and outflow of dissolved matter. However, in August, the outflow 
was reduced while the inflow was - increasing ; whereas, in November, , the 


writer wishes to to discuss the suspended load, first, on 

size of "second, on the basis of total volume in suspension; and, 
on the basis o of the percentage of material in suspension. 
Small particles settle in w ar 


water more slowly than large” ones. There- 

a, fore, other conditions being the same, it t would be expected that turbulence — 
by fine particles would find its v “way the lake more readily 
than that caused by |] large particles. _ However, the ‘quantity of fine Pare 
ticles does not seem to be the predominating feature at Lake Mead, for the _ 
“following reason : ~The variation in size of particles entering the is 


shown in Fig. 2(b) of the paper. . The authors state that ‘whenever there 
was increase load of sus spended ‘matter at the illow Beach ‘Station 


there had been a prior increase in the: quantity of material less “than 20 


aa in diameter at Grand Canyon.” - However, the reverse of this state- 


_ ment is not the case. For instance, a “considerable dischar ge of suspended — 


matter from the lake after r the April increase in quantities of 


= 


(Into Lake) 


atGrand Canyon 


uspended Matter, in Percenta 
o 


Weight 
at Willow Beach | 


_ Millions of Tons of 


A Ma Ju August September October 

‘Fie. MATTER, PERCENTAGE BY W RIGHT, INTO THE LAKE AND Tons: Ou 


material less than 20 microns, but in June there was a still greater increase 
n fine particles with no resulting» discharge of suspended matter from 


a > 


hie the lake. ‘This same argument may be applied to show also that neither the 
total quantity 0 of suspended matter entering the 1 lake © ‘nor the total flow 
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Suspended Matter 


‘ at Willow Beach 


volume actually had a small ‘percentage of silt, and therefore, 
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re Ww 


The autho will be speculation as to the 
water of “May and J une, with its heavy silt load 
Grand Canyon, did not produce a turbid discharge from Lake Mead.” The = a 
writer believes that the answer is ‘to be found in his Fig. 5, in which mae 
the percentage of ‘suspended matter entering the lake (taken from Table 4 
pa the tons of suspended matter discharged from tl the lake (taken from _ 
Fig. 2(¢)) ar are plotted. It w ill be noticed that there is a distinct ‘agree 
between these plottings. TI here was always a discharge of silt from 
the lake the p percentage. of ‘suspended ma matter entering it was greater 
than about 2 and no discharge of silt from the lake: when nee “ae 
was less than 2. authors’ “speculation will be "answered when it is 
not 


iced that the higher water of May and June with i ite “ heavy silt load e4 


iz The fact that, in March, silt was carried through with only 1 1.7% 
of suspended 1 matter whereas, in n April, it ‘not carry through with 
19%, may be accounted £ for by the fact that, in Mareh, , the percentage of 
matter was greater and the temperature probably ‘less, resulting 
in greater specific gravity for the same percentage ‘of suspended material. 
It is not possible, with the data 1 available, form final conclusions ; 
but the facts: presented in the paper indicate that: 


requires a certain specific gravity of the incoming water to carry 


4 2—At Lake Mead, the predominating feature affecting | specific gravity 


was the percentage of total suspended load, although the percentage of fine 


particles and dissolved matter and the may have had a minor 


or the physical conditions at Lake Mead, ‘requires a specific. 


"phenomenon of scientific interest i is. described in this ‘paper. Although it 
might be that the useful life of this large would be inereased 


of ‘the increase in the water at Willow ‘observed 
from October 5 to 14, 1935, with the period of turbidity, suggests that 
increased specific ‘gravity probably the ‘explanation. of the passage 
of. turbid water through the lake. authors that increased 
Specific: gravity is almost entirely due to the concentration of fine material, 
i (0) 2 (c) show that. periods of turbidity follow sharp 
fine material observed at Gran 
“should pet sought in the behavior of two vedlen of water of different ‘specific = 
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5 
aboration with Rawn, M. Soc. £E,, the writer = 
an extensive series onpert iments" on the mixture of fresh water 


by the ti urbulence- along the plane of contact as the fresh water 
rapidly to. the surface of the salt water, followed by the second stage 
the somewhat diluted fresh water spread over the surface of the salt 


water. The term, “ ‘ initial dilution ” was used to express” degree of 


mixing that had been affected at the end. of the first stage, when the 


water reached the surface. All the experiments revealed the fact that 


this initial dilution small (about nine parts of salt, water to 
one part of fresh), the final mixing was very slow and the field would 
spread to large dimensions before disappearing at a theoretical dilution 


ratio of 225 to It also found that the n natural "spreading of 


‘the field was interfered with 3 in any “way, such as being ¢ ‘confined by a 
sea wall, further dilution was much slower and the fresh water tended 


The authors show that about eight days after the specific gravity of 
water at Grand Canyon showed an increase from 0.995 to from 1.005 
to 1.008, the turbid water appeared at Willow Beach. _ The specific, gravity ie 


“of sea water is 1.026. Reducing this figure ‘to 016 would be equivalent 


to the change in specific gravity noted at Grad Canyon and would be 


* 


confined canyon where the -cross- section increases gradually, 
be reduced without turbulence, and the cross-section of ‘the moving 
stream must increase in the same proportion. in the narrow box | canyons j 
_ which occur i in Lake Mead, the bottom stream > is confined and ‘the plane 


of contact with light water will be ‘narrow, thus making any ‘mixing very 


slow. _ The velocity of the heavy water under the quiet t light water” isa 


function of the | difference of specific gravity and the slope of the bottom, — 


which latter is constant for any given location in in the lake. The 
‘the stream of heavy water will be a direct, function of 


fference in gr gravity w whereas" its depth w be inversely proportional | to 


its velocity. Friction between the two “classes water complicates” the 


pee oblem, the inertia of the heavy water prevents ‘any motion “until the 
fference in ‘gravity attains ‘some minimum value; but once motion is 
started the inertia will maintain it until this difference de- 


-ereased to a | value less than was required to initiate the movement. This — 


> 


will 
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Ce ess of the conditions encountered in Lake Mead, but some of the results can — fe 
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fact would explain 1 the ‘movement in warges. Furthermore, the ‘in- 


crease in specific gravity i is due to a ‘mechanical mixture, rather than to 
a solution, the settling of the fine particles in the quiet water of the 
bottom during periods of negligible movement would tend to decrease the 

actual behavior could best be found by means of experiments with 
a model, and it would: also be well to make regular specific gravity “obser- 
vations at Grand Canyon, and at W ‘illow Beach beginning few: days 
r 


after heavy “water was noted at Grand Canyon. Sub- surface samples from 


different parts of the lake, especially at at both the upper and lower ends” 


It wide sections, should yield interesting data regarding difference 
vin in the box canyons and the sections of the 


well out of the old stream thus increasing the of contact 
much that mixing would be increased enough, practically, to ‘stop the 
beyond the valley. Any ‘model for» this study should contain alternate 3 
of box canyons and wide valleys to study this effect. \ With this: information — 
iit ‘might be possible to determine the shapes of reservoirs which | would 
expected to ‘pass turbid through them, and compare these with 
-Morrovex 0’ BRIEN,” = Assoc. M. Am. Soc. Cc. (by letter). 
Recent theories dealing with the “suspension ‘solid material in turbulent a q 
a 7. flow, treat the problem as one of statistical equilibrium in which the ‘trans a 
verse components of velocity carry more» “material upward than downward, 
because of the increase of concentration in direction, and 
thus counteract the constant settling tendency. Provided that the upward 
velocity com ponents exceed the settling velocity of the material, a steady 
state of suspension may be attained. From this" viewpoint a possible ex- 


planation of the flow of turbid water through Lake Mead may be that the 


greater density of the water carrying ‘suspended material caused it to follow i 


bottom at a sufficiently great. velocity to result in a turbulent flow. reapable 
Te-suspending the solid particles as they settled out. Thus, the e inflow- 
SE ing stream . might be held to the bottom in its course through the reservoir. 
‘This phenomenon i is essentially different from flow of cold or ‘saline waters 
‘because the mixture is not permanent. 
We approximate computation of the order of the quantitie 
involved ‘may be 1 made by assuming the usual friction equations 
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Discussions 


in which V i 


ae in suspension. «dl t the layer of of water ‘is thin i in proportion to its w vidth, R may wok 


ss. The ‘discharge i is bVT, in which b i is the width. 5 
= 0. 0.0007, = 2.65, k = 0. 003, and b = 400 ft, the and 


TABLE 3.—ComPuTED | AD 


Description 
Discharge, in cubic feet per second 15 600 630 18 100 
Computed thickness, in feet 12.5 


for three days of h nigh concentration are as given im Table At 
best, these values are only rough approximations not only because of 
simplified theory used, but also because « of insufficient data. Noa allowance 
was made for differences in ‘temperature between the reservoir and the in- 
towing ‘stream, the width \ w as assumed as 400 ft, and the slope is only : an 
average value, “and yet the results are within ‘Teason. The Reynolds num- 
high and these flows should be turbulent, but the vertical density y gradient 
would occur in 


clear s stream of the same ne depth. and mean velocity. 
oc Sie At a velocity of 1. 5 ft per sec (which is below the computed v elocities) 


the flow would traverse the 90- ‘mile length of reservoir in a little less than 


four days. During this. interval, material as small as 5 microns would settle 
oa ed of still water, and the stream would lose its identity before ‘Teaching the 
unless the material is kept i in n suspension by_ the transverse velocities. 


transverse 


= 0.22 ft per se sec or » ft. per he and some 
"particles than 50 microns be transported. ag 


Using the same methods one may compute a lower limit. of discharge and 
-—eoneentraton which would maintain particles of a given size in | suspension, — 
but the result would be greatly affected by the temperature. If the incom- 
ing stream is colder than the water in the reservoir, capacity for maintaining 


in 1 suspension is increased both because of the increased density 


the water and the decreased settling velocity of the particles. the 
flow v is warmer, t the for. suspension is reduced and this effect may 
"account for ot outflow during: the high- water period of 


“this ‘paper arouse sufficient interest among 
n that i information will- be obtained — 


a form the basis. of a general theory. Tt appears possible to develop « 
bination of theory and experiment. which would permit computation of the 
flow of sediment through reservoirs to 
a4 do so will require re field data. 
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their paper, additional information has been obtained from field 


“released both from bottom “reservoir through | the gate- 


 Joun ©. Pace,?* M. Am. Soc. C. E. (by the authors 
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records and the observations of employees « of the U. 8. Bureau of Reclama- i 
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‘Storage ‘in, n, and controlled release of water Lake Mead was 
on F ebruary i, 1935. The water discharged from the reservoir through — 
tunnel at river grade was clear until February 15, when the water 
muddy a and did not clear until the following day. This occurred 


again February 1 19 and from February «to February 25. In all 


- instances, there were storms on the lower water- -shed preceding the dis- 
charge of the turbid water. silt content in the first two runs was 


zz being recorded as approxim ately 10 000 1 ppm at the gaging station a 


silt content w taken for the third run, but 
samples — were taken in the reservoir, just up stream from the inlet | of the oe 
diversion tunnel, to ‘determine t the elevation the silt-laden 
the channel showed that this layer occupied the bottom 
of the river channel, being about 2 ft in depth in the center. 
> The surface of the stratum | was level and ‘wes marked so definitely that os 
a a change’ of 6 in. the elevation of the sampler changed the sample from 
clear to cocoa-colored. , The dried silt from sample taken ‘about the middle 
point of this layer ‘amounted to about one- fourth in volume of the total 
sample. the time of this third occurrence, a streak of muddy water, 
yisibl surface, t throu h the of the reservoir 
visible o e e, exte e 1g r 
4 ‘approximately 3 ‘miles below Canyon, , clear water appearing 
sides. Undoubtedly, it extended a _but not 4 


= 


The temperatures of ‘the water the outlet of. ‘the tunnel increased 
F to 63° during ‘this period. The silt content varied 


4 about 3 100 to 1 400 ppm, "measured at the rating station below the dam 
and checked closely with the silt measurements taken at 


Bs Nine samples were taken at different depths fc for each reading. The The silt 


content was found to be uniform for all ‘samples, ‘indicating that a thorough 
mixing occurred at the outlet gates. Previous| to the passage of the water 
3 

a “through these gates, ‘and under similar ‘conditions of silt load in the river, 


of ‘the surface. sample was: about 78% al and ‘the middle 


water ite from the of ‘March 24 ‘April 


E> No measurements ‘were made during the turbid releases in September be 
October, 1935, or from April May 1, 1936. Water was being 


Be opening in the base of one of the intake towers 260 ft above the old stream fie 
dur ring the April- ‘May period. Not turbid water came from the . Arizona 

canyon wall ‘outlet works” which connected with the intake tower 

The muddy water emerging from the low-level Nas on the Nevada s side 


ay 


 =Commr., U. Bureau of Reclamation, Washington, D. ix 
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Discussions 
completely. until after they had passed the ‘gaging: the 
period (of this fl flow, the temperature the water was F from the 
bottom of the reservoir, 58° F from the outlet works, ‘and 55 to 5 Pr at 


Recently, : samples | have been taken between the and the “up-stream 
afer -dam, and another set approximately 4000, ft up stream from the 
% dam . The silt stratum near the dam has its surface at about Elevation — 
650, whereas” the silt surface farther up stream is about Elevation 695. 
The ‘question has been raised” concerning the possibility of si silt 
ver the coffer- dam. The top: of the up-stream coffer- dam is at Elevation 

, the reservoir bottom at approximately Elevation “Rear the 
a the bed of the old river channel about E Elevation 640. 


that the surface of the silt s stratum was at one time them the t 


op 


silt show an abrupt 1 rise sof. from 10° to 20° F near Ele- 


vation 650. rom this elevation downward the higher temperature is is 
‘tained until the bottom is reached. Measurements of ‘specific gravity and 


electrical: conductivity also show increases near Elevation 650. ds 


TABLE CHARACTERISTICS or Waters or Lake Mipway 


above mean Clarity imdegrees | (ohm Specife gr gravity 


“rat 


te 
concerning the phenomenon, it is evident: that, under certain 
conditions, silt- laden water will pass through | a reservoir "without -inter- 


‘mingling, : although the length of the reservoir is as much a as 100 


The silt passes through ‘Lake Mead is colloidal character 
differs greatly ‘the type: normally “carried by the stream. ‘Under 
normal conditions the silt is abrasive, dark in color, and so so heavy that 
98% of will | settle out i in a 2- hr period. The silt has passed 
through the reservoir has a clay-like ‘consistency, 
is difficult tc to remove from the water even | by filtering. “Te is the v 

opinion that this lighter material comes from localities where ‘the soil is 


predominantly clay snd contains a > of salts. The 


re 


It is. possible 
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BLISS ON TURBID THROUGH ‘MEAD 


‘carried to. the river, generally, by Its ability pass 
through the reservoir seems to be derived from its colloidal and chemical _ 


The » abrupt “change i temperature at Elevation 650 in the waters near 
‘the dam may be due to the silt stratum m, but the increased temperature is Re 4 


possibly d due to the presence of warm springs. These springs, | having a 
“temperature high as 130° F, ‘were encountered in canyon during 
construction. ‘The heavy layer of. colloidal lay i in suspension may have 
an insulating effect which tends to delay rapid temperature diffusion. % 


ve 


4 ‘sage of silty water ‘through a reservoir of clear water in a more or less” ae 4 
definite stratum, with little diffusion of the two, is a phenomenon which 
“has: not received much h attention but: which n merits considerable study. 
Messrs. Grover and Howard have presented a a very interesting paper on its 
occurrence through the waters of Lake Mead, and have suggested the poss 


sibility of utilizing phenomena reduce silt ‘accumulations within 


Since its completion n in 1915, there have been frequent of 
the Elephant Butte | Reservoir of the Grande Project, i in New 
‘ Raion, 1 most of them occurring in the summer and fall when the flow i a 
the Rio Grande was comparatively low the torrential disch harge of. 
| ‘The silt-laden waters that to be hielly responsible for this 
contributed by two large intermittent tributaries, namely, the 

Rio Puerco, which drains an area of about 5000 sq miles on the side 
of the Rio Grande and empties into it about 45 ‘miles above the head of, 


zo reservoir; and the Rio Salado, which drains an area of about 1500 sq Ne 


miles also west of the river and enters | a few miles ” Rio Puerco. _ 


As their names imply Puerco meaning “ ‘soiled ” or dirty,” and 


“Salado = meaning ‘ ‘salty ” , both streams carry extremely silty water of 
“high saline ‘content during periods ‘Tun- -off. Analyses of the waters of 
: the Rio Grande at the San ‘Marcial Gaging “Station at at the head of the cea 
Teservoir: these tributaries may carry 150 tons or ‘more of 
and a concentration of total dissolved salts of more than 3 tons per -acre- -ft a 


water It is interesting to. note that ‘these two streams, par- 


San Juan ‘River, which latter streams the authors believed to be 


< 


chief contributors of the finely divided silt eausing the turbid flows 


through Lake Mead. this connection the authors’ reference to silt pas- 


sage through the Zuni Reservoir on the head-waters of the Little ‘Cds at 


phenomenon of the ‘difficulty with which two waters of ‘different 


may unite is of rather common occurrence. one who seen = 


Received by the ‘Secretary July 27, 
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dy tor flow enter a stream water has probably 


served that the two flows : may often, be readily distinguished for considerable 
distances down stream. 4) ‘The ‘San Acacia diversion dam of the Middle Rie 


Grande Conservancy District is « constructed across the Rio Grande about 
two miles below the mouth of the Salado and ten n miles below Rio 


Puerco. The gate- tender at the has “noted se several i instances when the 
flows of. these tributaries” have appeared at the dam practically ‘unmixed 
with the main river discharge. one occasion, the line of 


between the two flows was described — as quite noticeable, being almost as 
distinct as if they had b been. separated mechanically. w was further stated 
that such tributary waters ‘might a appear on the ‘right, or entrance, side of 


the channel, or they might pass under main strear and a on the 


am 


Since 1931, officials of the Rio Grande P roject and» of 
Western ‘Irrigation Agriculture, ‘of the Bureau of Plant Industry, US 
‘Department of Agriculture, in co-operation, have obtained and made com- 
oe plete analyses of the waters of the Rio Grande at several stations including» 
San Marcial above the reservoir, Elephant Butte immediately below the 

dam, and _Leasburg diversion about fi fifty miles below. Although the 

: “saline content of the water is the primary consideration. in these analyses, 

incidental silt determinations have been made at the first two “of these 
stations. Periodic sampling at "these points, together with an endeavor of 

the Ss. Bureau of Reclamation to. keep a daily record of all ‘appreciable 
- silt passages through the lake, provide the means of studying some of the e 
details of these « occurrences. L. Fiock, Project. "Superintendent, has 
records of turbid flows through the reservoir for somewhat le ss than half : 
he years since its ¢ construction. here is reason to believe, however, that 
there may have been o other when tributary waters have passed 


= 
— 


q 


i= 


through the reservoir r unobserved. At such, times the quantity of silt car- 


ried may ‘not have been sufficient to be. noticeable, the clue to . such passage 


being an i increase in salt content t of the water released from the reservoir. 
During the six years that complete — analyses have been made of the 


passing” Elephant Butte only five periods out. of “more twenty 
major tributary discharges were recorded as silt flows through the reservoir 


see Table 5). However as the sampling period was monthly (since 1924, 


the periods between the dates of sampling are long enough so that 
no records have been obtained during periods when silt flows of short 
tion might have. passed through the gates. As an example, in 1931, x monthly 


samples only were taken at Elephant Butte, except that in September a 
flow of through the ‘reservoir was recorded. the latter 


which “might, have caused tur id “At Leasburg 


Station, eight samplings taken during that period (silt deter- 


minations not being made), all but o one sample showed an increase in in total 
salts carried. d. On October 1: 12, the salt concentration of ‘the water 


> 


had increase on ‘other days of sampling being less 


a are not “conclusive, "because the discharge rom the 
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TABLE 5. —Dar. ‘Recarpine tary Discuarges 


Reservor, 1931 To 1936 


Dates gilt, in i 


| 


September 22-23] Average silt, 55 tons 
per acre-ft.; salt, 1.42 
tons per acre-ft. (85 
of October 5, which 
showed trace of silt 
and slight i increase in 
content; increas- 
ed salt content at 
Leasburg through 
13, 1982. . sie 1800 _| No samples taken be- 


July 25 5-29, 1932... é Trace of silt and slight 
August 18-22, 1932 A. No samples below dam 
August 29-30,1932| .. 500 | No samples below 
June 18-25, 1933..| |0.98-1.83] 3800 Silt, 0-67  tons- 
; | acre-ft.; salt, 0.85- 
38 tons per ‘acre-ft. 
(80 tons per acre-ft. 
normal). Increased 
salt content in water 
‘ Elephant Butte sam- 
pled 
record silt 
passage. 
Average silt, 55 tons 
per acre-ft.; average 
4 1.64 tons per 
acre-ft.;(0.75ton per 
 aere-ft.,normal), 
Average silt, 21 tons © 
per acre-ft.; average 
salt, 1.10 tons per _— 
acre-ft. (0.70 ton per 
 acre-ft.,normal). 
Not sampled below 
| dam during period. 


August 6, 1038. ' 


Sad 


ay 
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Three periods of flow—about 75% of total discharge of river. 
rises of 1 to cu ft per sec from Puerco; those from Rio Salado are are unrecorded. 
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ON TURBID Tenover LAKE MEAD Discussions 

reservoir was ‘about September 19 stopped ‘entirely on 
October 5, thereby changing considerably the regimen of flow at the Leas- 
burg _Station 3 but: indications are “that enough s saline tributary flow 


found its way through the reservoir increase the salt concentration of 


the water | below the dam appreciably. Whether this water was silty” or even 

murky is not recorded, but at least, there not enough coloration 


_ that turbid discharge was noted and silt samples were taken at the outlet 


‘Since the discharges of ‘the Salado and | always involve 
| aa a “a as well as silt concentration of the river water, it is impossible to comme j 
See to what extent each of these two factors: contributes toward this phenomenon. 

have suggested, it is probable that, because of 


quantity ¢ carried, silt has much the n more Pronounced effect of the two 
3a ae increasing the specific gravity of the waters. There appear to te inetanon, 


in which flows have passed Elephant Butte carrying in- 

Bae creased “quantities of salts and but very little or no silt. Although date 

are insufficient for proof, it seems probable in such cases ‘that the silt 

settles: from the influent in its ‘passage through the lake, leavi ing 
‘the: — salts to increased cof the: 


Mr. Fiook has temperature eft 


the waters near the E lephant Butte ‘about FF, whereas 

the average summer ‘temperatures of the discharges into the are 

degrees higher—in the 60's or 10 The effect of temperature, 

therefore, must be slight in comparison with other factors, as its tendency — 

Bogen! a direction opposite to that of the observed phenomena a om 
. Resch, Project. Hydrographer, has informed the writer that 

soundings were made during « one period of silt. passage which indicated 

the flow beneath the clear waters of the reservoir followed a definite stratum Fi 


Tittle of the ‘the outlet, gates” are al at the 


: 


s the ia 


ae tour to’ five days to find its way “through length of 30 to 
miles, suggesting an average velocity under water of 0.5 ft per sec, 


ibe dealin: to be drawn from a a study « of the passage of “silt through 
‘the Elephant Butte Reservoir would seem to be : (1) any discharge 


into the reservoir whose waters are of sufficient density, due to very ‘fine 


ementially unaltered condition @) those flows which are below this ‘mini- 
mum will tend to pass through the lake, but will gradually lose their iden- 
iy and may or may ‘not appear at the outlet gates ; and @) under certain ‘ 


co nditions, discharges may find ‘their way through the ‘reservoir, _-progres- 
si ively leaving their silt load behind, and may appear below the dam 2 


suspended (and a also to salt), potentially pass” through it in an 
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only an sn increased salt content mark their passage. These are 
tentative and are subject to confirmation by further investigation and study. = 
‘They are ‘substantially. in accord with the authors’ findings, however. The 
bearing of Conditions (QQ) and (3) upon the passage of quan- 
tities. of silt through 1 reserv oirs is slight. psi 
The suggestion that, by proper attention to gate location and 
proach conditions thereto, turbid waters might be encouraged to ‘pass ——— 
reservoirs and thereby reduce accumulations of silt within their high-v -water 


lines, is is one which should receive e considerable study. It is related to, and, 


tate must be inve estigated in ‘conjunction | with, the prob lem of silt. conservation 
ater ‘an reservoir -eould be operated that peak releases be made 
) in turbid vaters available the outlet gates, “considerable 
ices, quantities of silt might be prevented settling in the reservoir area. Bix: 


Under he conditions, however, it is unlikely that 


silt silt above that ordinarily carried through the gates. es. Furthermore, as no 
- ‘greater concentration of silt can be passed through a reservoir than appears mye a 
tion in the influent above, the problem resolves itself into one whether the : 
-inflowing water or the “reservoir volume usurped by the deposited sii silt is the 
flect more: valuable. ra nder- certain conditions, the disposal of even part of. 
ture & * silt burden of a turbid stream | behind retention or storage dams would seem 
reas to be advantageous, particularly ‘those arid WwW estern States where con- 
are ‘sumption of large quantities of water for irrigation has resulted in 
ture, | serious problem of rapidly aggrading stream channels which thresten 
ency very existence of agriculture along their banks. ¥ 


A compilation of data pertaining to the quantity of water above 


below: ‘Elephant Butte Reservoir since 1930, showing conditions at the time 


that of appreciable tributary i inflows to the reservoir, is given in “Table 
tum 4 data are not sufficient to show the sources of the rises, but those listed are a Bary ‘3 
the _ believed to have come chiefly from the Rio Puerco and Rio ‘Salado. The 


close ‘such tributary flows, their average discharges i in cubic feet per 


vater = for comparative purposes the discharges being so variable and 
0 to time element so uncertain that exact figures are difficult to obtain. 
data from which comparisons 1 may be made changes” and 
quantities in their passage through not good, either, be- 
ough cause of the extreme variations of these quantities during the various stages 


1arge of tributary flow. The need more 
nini- B. H. Momisu, 6 Es 

rtain velocities has been Tecognized a as problem for many years, 


It is only | ‘comparatively recently that active interest has been shown in the 
* Assoc. Engr., National Bureau of Standards, U. S. Dept. of Commerce, 


C. Publication of discussion approved by the | Bureau of 
by the Secretary July 30, 1937. 
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yhenomenon. is particularly true— in the field of 


ae The authors of this | paper are to be | commended on a . clear presentation 0 ci as 
carefully collected data. . Workers in fluid dynamics made mathe- 
x matical analyses of the stability of streams of superposed fluids of different " o 


aE ae densities, and it was along the lines suggested by one of these a nalyses- that — 
a the writer attempted a study of the data presented in this paper. a 
ae As a criterion of mixing between any two . superposed fluids of different 


densities, when the density and velocity vary continuously from one fluid 

dimensio nless coefficient which exceeds a certain value when 

=-=the 

of the fluid at that = 

= the acceleration due 

y to poem at hand, 

observed quantities. Linear velocity and density gradients were 

‘over some characteristic (but length, L, obtaining instead of 


= 
modifying oriterion by the factor, — 


is mean relative velocity between the two fluids and Ap i is 


wh 
ore 
in ‘density between the and the still Equation 


familiar dimensionless quantities. ; 


dimension similar to Prandtl’s “mixing path’ or distance ati 
which a particle of f fluid moves into the surrounding fluid when effecting a 


vis 


Oo 
=] 
m 
m 
| 
nm 
& 


of the | current, and the the liquid ‘composing 


— | i 
— 
— 
im 
— 
— 
— 
— 
— 
— 
— 
— 
— 
= 
— 
— 
3 
i th 
ii 
C 


a tember, 1937 MONISH ON TURBID WATER THROUGH LAKE MEAD | 


: assuming that the Reynolds number for this phenomenon i is constant. Sub- ee 
stituting Equation (5) for L in Equation | (4) and again absorbing the - 94 


in which A A p = - the density difference between the stream and the still ei 
@ reserv o = the density of the lighter liquid (reservoir water); aa 


water in the reservoir; p = Beeb 
v = the kinematic viscosity of the lighter liquid. 
Again. taking advantage of the fact that all observations were made in igs Sa 


+ same reservoir and on ‘the same liquids, Equation (6) can be further fe 


by the constant: quantities, g and » ‘constant. 


part: of that liquid and as affecting the properties of that liquid, could 
be computed from the data | given, but it is sufficient to note that this ratio Ss 
is with over the 1 range of values of n considered 


in which n = the silt load, in percentage by weight, of the total sample; a as 


and = numerical al constant. ‘This leaves only U to be converted into 
the form of some quantity given in the data studied. ig 


4 In any given channel, will be dependent on the flow, the exact 


af 


portionality being unknown, but ‘unimportant for immediate purposes, since 
arrange themselves will be unchanged by ‘any relation that 1 may logically 
be assumed. As a matter of convenience, the relation was assumed that 
would the flow were in accordance with the Froude law, ~ U3; 
in . which Q i is the flow of the river, in cubic feet per second; and k; is a nu- ae ae 
constant. Substituting ‘Equations (7) and (8) in Equation 


5 - the order in which the values of the final criterion and of the critical number 


Ten flows were selected from Fig. 2 of the paper ‘was com- 


puted by Equatio: n (9). The results are given in Table 6. It will be noted ‘exe 


whenever there was a silt flow through the ‘reservoir, Cc was greater 
2 xX 107, and, in each case, when there was a pea flow at Grand to 
Canyon which was not followed | by sill silt through the reservoir, was 


ts 


or 
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ss than 140 X 10~*. . Thus, the critical value of C for the reservoir con- — 
in 1935 was between these values. The critical value of C for the 
- final: conditions of a full reservoir, or for some other reserv oir, will not neces-— 


between these s: same but same form of criterion will hold. 


in cubic |carried at & (1935) in eubie |carried Take 


- Lake 

feet per | Grand Ww. 3 feet per 


102 000 
13 000 
August 26... 000 
September 4 13 000 
October 1. . a7 700 


An analysis of recorded flows through Elephant Butte Reservoir, 
New! Mexico, for 1919, 1923, 1927, 1929, 1931, 1933, and 1935 shows that the 
= same form of criterion applied to that reservoir for each of these years ex- 
cept 1929. The critical value of C found for this reservoir is ‘approximately 


twice that found “for Lake Mead. The cause of this discrepancy is being 


made: the subject of further study, but undoubtedly this difference is due 
“part to the different sizes and settling rates of the silt ‘particles 
the two reservoirs. ur Tiver t that carries a large” percentage of fines in its 


silt load. would not drop as ‘much: of its load on entering a reservoir as 


fe a smaller | ae of fines and, hence, would maintain | a density” 
the 


nots true criterion in 1 the strictest sense; it is 5 felt that 


the “quantities: of water will enough to. 
silty water to the outlet towers in easily” detectable quantities, it 


: would be necessary to. to detect a silt flow through the reservoir in some > other , 
manner, 4nd there is no reason to believe that such flows v will not occur in 


the thik muddy water forming a a submerged pool near the. dam. This 


might b be done by lowering a photo-electric: turbidimeter unit into the 1e reset 
ak voir or (as most silt flows through a reservoir occur in the summer, when 
; ~ the river water is warmer than the bottom reservoir water) by lowering 8 
resistance thermometer. | If it as desired to s study the application of 

- Prandtl’ 8 theory o of flow as quoted, or some of the similar ' theories, | it ie 


be necessary to and density determinations over cross-s 
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cating on the surface the density of w water at an any y considerable depth, it is 
necessary to resort to sampling for density determinations, which would 

- allow analyses to be made to determine what caused the density difference Vo 
and from what tributary c or part | of the system the contributing ¢ causes arose. 


| The whole forms an ‘interesting problem. Any possibility of increasing 


the life of. a reservoir by training ‘silt flows through it must certainly wait on 
4 a fuller understanding of the phenomenon, an understanding to be obtained — 
only by careful | observation and study of such 
wherever they occur. Theories and laboratory studies must be -substanti-- 
“ated by field data | full reliance can be placed on them. 
The authors mention the flow of unmixed of partly ‘mixed river w 
‘through Lake Mead. This is entirely in accordance with theory. As may — 
be seen from E ecsiiien: (2) the vertical distance, y, over which density and 
velocity gradate, may have any value from nearly zero to infinity. _ Con- - 


ditions might exist in which a stable current would be accelerated, causing — 
mixing until ‘the relations of cP and were such that stability was 
again reached. we After such acceleration and mixing, stable conditions might — 

not be reached a second time, and one would have the case of a silt flow ‘sto 


through: part of the reservoir followed by mixing and eventual deposition 


at an between the 1 river the dam. 


of Standards* den that clear w ater will scour a sand bed faster then water ae oe 
| carrying fine silt, due to the cementing action on the bed material of ‘the 
3 fine particles carried in the turbid water. _ The m nethod used by the authors ae 
of subtracting the load scoured f from the river bed below the dam from the | 
total load carried d by the ‘silty wa’ water gives s results which are low by 
aa Bic =" Sepedinental Study of the Scour of a Sandy River Bed by Clear and Muddy ee 


Vater”, by Chilton A. W right, Am. Soc. C. E., Research Paper No. eves ~ 
Research, National of Standards, Vol. 17, No. 2, 
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FLOOD 


MEssRs. Jou K, BARROWS 


in an especially concise and clear manner many basic 

elative to floods and the studies necessary connection w with the m. 


stated report, ‘there is one point on which there is general» agree- 

“ment. ‘That is “gr great floods have occurred far back as historical data 

are available, * wu and great floods will continue to recur in n the future” aA 


Among the various in which flood damage limited are: 
s (1) The elimination from the flood areas of activities s subject to damage; 


the construction of levees; (3) the construction of impounding reser-_ 


(4) the protection of drainage areas by a vegetable including: 


forests; and the “protection of drainage areas” by soil conservation 


methods. The of these various methods varies; 53 therefore, each 
should be be ‘studied and ‘evaluated carefully. general, however, the only 
protection against floods is (1), the elimination ‘from the flood 


areas of activities subject to damage”. study of aerial photograp 


floods and 1987 are ‘many areas: in 


or 


entered upon at the owner’s. risk, ‘Many areas to flood damage 


cheaper than flood protection | can be constructed ‘maintained. j 


Oe —The Progress Report of the Committee on Flood- Protection Data was pre 
sented at the Annual Meeting, New York, N. Y., January 20, 1937, and published in March, 
ee 1937, Proceedings. This discussion is ‘printed in Proceedings in order that the views 

essed may: be ya before all members for further discussion of the report. — 
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September, 1987 ‘BARROWS: ON FLOOD PROTECTION DATA 


the 

roved June 22, 1936, the Federal Government pi” certain: a 
nd restrictions assumes in with 


can be and ‘that the will assume the responsi- 
bilities | for protective works. Governmental agencies ‘provide for fire om 
trol, safety of buildings, health control, etc. In this respect, however, — 
building and other ap rigidly enforced. Restric- 
my in regard to developments in the flooded areas which will be subject — a 4 
destruction should also be set The addition of such restrictions 
‘connection with the Flood Control Act should be eonsidered. At any rate, 
= Federal Government should establish, in the various areas along streams 
subject to floods, zones in which flood risks are known to exist ms - 2 gi 


connection with flood projects, the ‘possibility of eliminating activi- 


ties the danger “zone ‘should | be considered in ‘connection with other 


< 


"methods. of protection. To date, v very been said or done 


The calls attention of continuation of ; 
collection and publication of flood data. *F or nearly half a century the 


Us. Geological Survey has been charged with the collection and publica- 


tion of data in regard to stream flow, including recot ords of stage. 


+ 


records ‘collected are made available by the Survey and form the principal 
Dasis not only for flood, but also for other, ‘studies having to do with 


ty streams. “s The policy of the Survey has been, as far. as facilities have been Ne: 
fe made available, to obtain all required data. — Unfortunately, on account of a 
inadequate financing, much needed information been collected. 
The Survey, however, has not only the Congressional authority doing 
the work, but has an organization which includes thirty- eight field offices, 
one for practically every ‘State. ‘With adequate financing, all required 


“fnformation can readily be ‘made available. The data that have been 
have important factors in connection with “design : 


Am. if 


‘Committee in its reiteration of prior “suggestions? ‘relative 

| - the continuation | of the collection and publication of flood data; the mak- ey ‘ 
= “ing of an inventory of earlier great floods as 1 far as practicable ; and . the egy a 


ds “making of a study of cloudburst floods. These are all “desirable objectives. 
be The future Publication of flood data by the Federal Government in 


BR, 


Pamphlet form, with reference to river basins, i is in accord Procedure 
the U. Survey be followed - in ‘general 
‘suggested campaign of with reference to locating valuable 
"Property in flood zones is an important aspect of flood control to which 
“More attention should be given. It is one practical method 


*Prof., Hydr. Eng., Mass. Inst. Tech., and Cons. ‘Mass. 
Received by the June 11,1987, 8. 
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flood damages which ‘is always within: no doubt should often 
be followed. st sugges fa committee to. make a a study of 


arious 1 methods of controlling floods, with particular ‘reference to ‘their 
physical and economic limitations ”, apparently already borne fruit 


_ and has resulted in the appointment o of the Committee on Flood Control, _ 


“specific purpose. Such a foundation for all flood- control planning 
badly needed at -present—particularly in the framing of sound 
“Se for the determination | of flood = damages, both direct and indirect, and of 


flood- -protection values from: present 
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“By MEssrs._ PHILIP KIssAM, RALPH Z. KIRKPATRICK, 
ROBERTS, H. . W. HEMPLE, CARPENTER, AND 
| Pump Kissam,® Assoc. M. Am. Soc. E. (by letter). sa___ A most 


cant and basic conception has ‘been presented by Mr. Sheldon. has 
indicated the prime necessity of establishing the Position of all horizontal 
survey points in relation to a single fundamental datum. This, principle 
be emphasized too ‘strongly, and its. general adoption at some time 
in the future is inevitable. All surveys will become in fact ‘parts of one 


great survey and the inter- -relationship | between all survey will be 


capable of quick determination. Although ‘the advantages of such a con- 
dition are too many to enumerate. herein, a moment’s thought will convince 
the reader ‘that every effort should made to attain this aim. As Mr 
e on states, a comparable is in the use of geodetic levels. 
‘Their advantages are instantly admitted and ‘they used whenever pos- 
sible, even where > profile levels must be run for. miles" to base some project 
on common sea- -lev el datum.” ae common vertical datum co- -ordinates 
only: one dimension, a common horizontal: datum co- -ordinates the other 
two. It a appears to. be obvious. that far greater er utility of a similar nature | int 


Moreover, ‘two indirect benefits will obtain: a survey is placed 
horizontal datum. it will be usually “necessary to connect it with | 


more, known control points. With such connection a on m 
he 
curacy will be obtained and ‘the precision ¢ of results can be raised by ‘a 


ustment. Furthermore, permanent 1 mar of f surveys w will be 


‘encouraged, it will: be at once apparent ‘to the engineer in charge that 


| = of such a surve yo ey will have a lasting value and it will be well: worth 


_ 


__Nore.—The paper by R. C. Sheldon, Assoc. M. Am. Soc. C. E., was published in a 213 
1937, Proceedings. This discussion is printed in Proceedings, in order that the views : “a 
expressed may be brought before all members for further discussion of the paper. _ “oN 

Pig Associate Prof. of Civ. Eng., Princeton Univ., Princeton, NJ, ad 


Received by the Secretary June 12, 1987, 
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while to ‘place at the stations to record the descriptions 
a data relating to these “monuments. The cumulative effect. of monu- 
‘menting surveys on a standard datum will further advance the ‘acceptance 


Sheldon’s of the surveying methods in use in the Canal _ | 
illustrate pointedly the rapid adoption and the utility of such a 


system when it is known and available. states that it has been used 

as a base for all surveyin ing on canal construction since 1911, » for 
=o “of part of the military maps, as a base for extending triangulation, for 
‘construction, and boundaries th Canal Zone and 


Datum of 1927, ‘advocated by Mr. Sheldon; 


of expressing positions appears to be open to question. Thus 
only two ‘methods been developed which offer the » requisite charac- 

teristics; both have sufficient advantages in their favor to merit careful 
Mr. Sheldon advocates the use of ‘positions. The 


Ss. Coast Survey advocates State plane co- ordinate 
tems based on definite projections especially adapted for the purpose. 
already been designed by that Bureau for every 
_ State and in many States they are already in use. Linea gue roman? 
Geographic positions must be computed in either for the 
mental first a and second- order triangulation but with the adoption of 


standard plane co-ordinate systems, the plane co-ordinates of any geo- 
graphic position can | be computed according to the plane system ‘existing If 
in the area, Likewise, the plane or “ grid” azimuth can be computed us 


Although Mr. Sheldon’s arguments advocating the of geographic 
positions are sound, the arguments he has chosen against plane co-ordinate . 
systems seem to the writer to be valid only when local co- ordinate 
ar e considered. State-wide ‘systems have not been carefully we 
fact, they have | been only mentioned by reference “Special Publication 
No. 198, of ‘the U. Ss. Coast and Geodetic Survey (it). In areas, 


these State systems will produce a higher degree of accuracy than the 
method proposed. Does" not ‘the proposed system require reduction from 
geographic positions to plane -ordinates, computation by plane €0-0 
dinates, and, finally, reduction back to positions with accom- 


e 


panying loss. of ‘accuracy? 


It may be stated justly that in many’ commercial surveys a high degree ( 

‘accuracy is frequently not of ‘major importance; but lack ‘of. precision 

is not the basic objection to the ‘system: proposed. There is a certain fact 

which has not been given sufficient consideration in ‘Mr. Sheldon’s paper. 

a It is a fact not susceptible of mathematical deduction nor scientific demon- 

stration. It was the reason which caused the U. S. Coast and Geodetic 

Survey, finally, ‘to adopt plane co~ -ordinates after a long and ceareful study 
of the question. was” the ‘basic argument that -influen the F ederal 
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engineers surveys area or ‘refuse to 
geographic positions, and are entirely justified i in so doing. 
To the writer it appears that the -eause for this ‘stand is not the lack 
a simple geodetic manual, nor the lack of training received 
“neers as students, nor any other cause that can be remedied. Ifa a y 

so many years to change the thought in the engineering schools and in the a4 aa 
‘Soom that the general adoption of a common datum might be en- 
Mr. Sheldon describes ix in especially clear and forceful by 


graphs, and carefully prepared tables, the simplicity of a certain system 


of geodetic reduction for small surveys or for surveys of the usual com-— 


precision. The recommended system can be -eriticized only for BA 
its lack of accuracy. His suggestions could not be better chosen as guides” 

develop the proper attitude toward geodetic reduction. If the writer 
could convince himself that geographic positions should be used for the 

type of surveys” under discussion (very large precise surveys must usually 

reduced by geodetic methods), he would s still recommend the ase of 

plane co-ordinates if as a stepping stone to the later adoption of 


3 Unfortunately, “however, ‘the increase i in cost “necessitated by the use 
‘geographic precludes their adoption for commercial 


i using: ‘standard he persuaded to extend his su ‘survey to 


control monuments; but the extra advantages to! him of expressing the 
stations of Survey in terms of geographic positions instead plane 


de 


ordinates are limited, ‘if existing” at all, that ‘it is impossible. to 


44 


_ justify any of the necessary increase in computing « costs. Van 

The State plane co- ordinate ‘systems advocated are considerably better 

ie than the local systems mentioned by Mr. Sheldon. The State ‘systems ar 

et based on carefully devised ; projections; in ‘general they have a minimum — 

dimension of about 180 miles, a maximum dimension frequently equal 

largest dimension of the State, and a maximum correction 

one ‘part in ten thousand. “appears” that only small percentage 
making ordinary surveys would be required to work an area 


on such § systems adjoined, and those few who might have to do so could 


for a will be for deseription of ‘property. “fact 
is | the writer ’s hope the demand fo r control for property 
will be so great t that it will ensure sufficient control for a all It 


worthy of the careful 


= 


Presented an important 3 * 


— 

rdinates 

_ 
ae 
be 
a Bone State system to another. The boundaries of the systems have been © ok 


all. civil engineers. He shows the Importance of al universal. horizontal 
datum and directs attention to the simplicity of geodetic reduction for 
ordinary surveys. However, in spite of offense to the mathematical sense” 
that 4 plane co-ordinates invariably produce and also in spite of ‘the difi- 
culties encountered when such systen 

tical advantages they offer make them invaluable ass means of establish- : 
of a universal horizontal datum are probably the best 
method 1 of utilizing such a datum in any case. 


The question at issue could be stated as follows: Is the 


st to the ‘private ‘surveyor, computing geodetic positions for “ run-of- 
ey = the- mill ’ ii ‘surveys, justified by the elimination of the errors and difficulties 


which may occur the _ingre equent boundari of adjoining — 


in ‘its ies wi viter inherited, "administratively, 
~ horizontal geodetic control system it in n the Ca Cc anal Zone, which is described 


any work of sufficient. importance the method is likely 
expense of the requisite secondary and tertiary triangulation and tra- su 


verses. An interes sting application was in the 1911- 12 rectangular Canal 


Zone Land Survey, a sectionalization of lands into km ‘squares. | Unfor- 
tunately, w when 40% of the intersections had been determined i in the field, 


the project was: abandoned | due to the adoption of the then new military 


policy of nationalizing all lands and expropriating | purchase all settlers’ 


he flexibility of the system has caused its Canal Zone 


had been run by “magnetic bearings and measured inaccurately. 
Studies of the old “documents were ‘made and ‘certain. time accepted 
boundary p points were tied into the geodetic « control, and new controlled 


traverses were run _ the “accepted points. Eventually, a 
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treated in this paper which is “vital to surveying and matte 


grams—a_ problem, therefore, the ec economic importance of which 
scarcely be over- r-emphasized. The author is. heartily endorsed i in his’ plea 


for general “use of geodetic control in the co-ordination of "surveys. 
Eis thought that this principle the support of most informed engineers, 
that the problem, therefore, is one of means to to its end he 
in this paper are open to strong criticism. 
Because of it ite scope, the national geodetic datum is. ‘computed and 
defined in terms: of ‘geodetic ca co-ordinates. The reference surface being 
spheroid, ‘the azimuthal | and ‘distance relations of points on the “surface 
eannot | be determined by plane geometry. Geodetic computation of posi- a 


tions: is necessary, well other special _treatment 


The chodking ‘geodetic and astronomic determinations 
control surveys involves highly technical problems, and the differences are 


These considerations are not pertinent to the problem, however, because 


the establishment of the national datum, and the performance of control 
surveys on a scope demanding g geodetic treatment, provided for by 
competent Federal and State organizations. The pro oblem i is how prac: 
 ticably to handle e local surveys, mainly ‘traverses, they ‘may be d defined 
in terms of, relative to, the national datum, a sufficient number of 
control points on that. datum being presupposed to be. available. Three 
the 


Use of co- -ordinates and pure ‘geodetic computations; 


(2) Use of geodetic ordinates and plane survey computations; 


(3) Use of “rectangular co- -ordinates on arbitrary reference ‘Plane 


gelated to the national geodetic datum. j 


yan De 


Method —This method appeals to the g geodesist | because of its 


“nical perfection. 

a 

is simple ‘enough to understood by competent, surveyors. It is only 

of geodetic ‘compu utation that would be indicated | in general for local 


use, however, for computation points through | the 
mass of traverses comprising ordinary surveying would be laborious and 
generally unwarranted in view of the development of Method (3) or 


this rea reason | Method is difficult to popularize, 


Method (2).—After stressing the technical unsoundness— plane 


ordinate si surveys and the simplicity of geodetic position computation, the 


author tacitly acknowledges the laboriousness of 
tations for traverse work, and proceeds to advocate Method (2). ts 
vantages are the “use” of the: geodetic datum, and simplicity, with no 
_Taborious computations, and no artifice, such as a plane >-ordinate rid. 


Its. in the ‘matter of accuracy are serious 


4 
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ifs It involves linear ‘adjustment ‘azimuth discrepancies position 


closure errors in ‘traverses between ‘geodetic | control points. Geodetic cor- 
rections a are grouped with accidental errors for adjustment. his is il- 
logical, because the geodetic corrections no linear characteristics ; 
that is, they have no accidental distribution. = 


Table 4 is inadequate criterion of 


with the special case > of traverses. It is not t an example 


most traverses etter distribution than this ‘extreme 
example, it is also” true that they would have poorer distribution 
et eae relative directions. In th the ‘straight traverse used as an example the linear 
distribution of closure « errors tends to “approximate the distribution o: of 


geodetic corrections. OF circuitous traverse this is wid 


ions is zero, resulting their complete 
regard the A moment’ consideration makes it clear 


that Table 4 has no meaning for other than straight traverses. 
is unnecessary to develop this reasoning further. er. Ey Even 

- ee portional errors s shown by Table 4 were. critical, they would still be too 
large acceptance for common use in the United States; in fact, they 


ig -i are greatly i in excess of those found i in modern plane co- -ordinate projections. x 


‘Bas Method (8) —In plane co-ordinates, linear ‘traverse adj ustments con- 
cern only accidental errors and, this case, are logical. Position 


B 


putational methods are technically rigorous. The “source of error lies in 
of correctly representing a spheroidal surface on a a plane 

AiG eae The error, however, is definitely known, and can be kept | small. 


~The Lambert and Transverse Mertatar. grids established for the various 


by the Coast and Geodetic Survey geodetic control 
available for use on plane rectangular co-ordinate ] projections the ‘maximum — 


scale errors of which are kept within satisfactory limits. As an example, 


the entire State North Carolina was covered by a single projection, 
only at the very extremities of which did the scale error become slightly 
greater than 1:10 000. Obviously, throughout the greater part of the State 


the errors. much smaller. Even 50, the scale error, 


Admittedly an artifice, and an ‘indirect approach problem, 


a projection nevertheless is finding ready acceptance. It leaves to. ‘com: 
petent organizations the performance | and computation of _mecessary 


detic surveys, ‘and the definition of ‘the control points in terms of the 
projection. — The local surveyor has nothing new, either to learn or to do, 
but ‘to accept a ready- made grid instead of a local, — unrelated grid of his 


Al ‘the control points will eventually be on it, and his work will 
that of survey in its form. ‘Nevertheless, 


From the that plane surveying is ‘definitely 
in fact, finding wider: use connection 
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projections use ‘of geodetic ‘control more re 


H. M. Am. Soo. 0. letter). $a__Geodetic control 
expressed on geographic base has n no 
of ‘measurement, and exact | methods of computation, are used. Mr. Sheldon 
; is to be. commended for endorsing it for local ‘surveying purposes. How-— 
ever, he uses an approximate method of computing whereby Plane survey 
js ing 0 methods are applied to a geographical base, and the resulting data — 
are. . expressed in terms of geographical positions. — ‘His: field of activity 
a isin the vicinity of the equator, and, therefore, he is able to do this 


without undue 1 violence, because the small r: rate convergence 


and because the area covered by his surveys is of limited extent. 
Since he can do this, the author immediately assumes the premise that 
s such a method should be generally adopted throughout the United States, a 


and concludes that there,” is no need for the adoption of the plane co- ordi- Bere.“ 


: systems such as have been devised recently by the U. taal Coast and 


Geodetic Survey for each of the State. 
he . 


The term, “ ‘errors,’ is used rather loosely in the paper. To develop 
pod spheroid representing the earth’s surface on a : plane it is necessary to =. eg 
are 


apply certain mathematical corrections which are definitely known. These 
to “measurements on the earth’ surface, 


corrections can be applied 
e. in order to relate them to the plane, and they are not errors in the 2 sense 


mistakes, blunders, or personal peculiarities of the observer, which apply 
; ‘to ‘surveying observations. Mr. Sheldon considers these corrections, which — 

are mathematically determined, in the same sense as errors of 


Table 3, entitled Maximum Error Possible,” purports to show the 


greatest possible errors which would occur for traverses” “computed by his 
method. Table 8 is ‘misleading, however, because traverses" do not usually 


extend in a straight line, but consist of a number of broken 
‘He applies. a correction for azimuth closures equally to all courses. — 

this | correction is included the effect of convergence of the meridians. 


effect, is a variable ‘quantity, depending for any § given latitude upon 
length of line and its ‘direction. In any given latitude, and for lines 


of equal length, it should be applied as a maximum to lines in an east- 


and-w west direction, and as a minimum of no correction lines extending 
north and south, On a line which bears eastward the convergence should 


be positive, and on a line which bears” westward, it sho uld be negative. 
_ Mr. Sheldon, on the other hand, distributes this effect, which is included — 


in the azimuth closure, equally on all lines, even to those running in a 


north-and- -south direction and to those lying in different quadrants. These 


effects of the “convergence of meridians are not always ‘small, and for tra- 
Verses covering some distance the discrepancy due to their non- -considera- 


tion, is likely to be considerable. little study shows that to adopt. such 


poe Hydrographic and Geodetic Engr., U. S. Coast and Geodetic Survey, ee. ase 
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ions 


the United 
state that no consideration should be given to the ot 


3 meridians, because these effects are far overshadowed by the type of sur- | 


veying ‘accomplished and the accuracy obtained, is to take a rather limited 


eam several years ago the minute transit was most generally sold. _ This = 
“ae that» the Engineering Profession is becoming alive to the utility and antl 

execution of accurate surveys. Certainly as as “the land becomes m more 
= _ thickly populated, 1 more accurate surveys will be a “necessity, and this = 


case, the ‘surveying system” accepted should | be adapted to s needs 
advocating the method of computing advanced this paper, ‘Mr. 


where 


in _ ordinary field operations. The terrain is not always such 


courses of equal length can be obtained. it is not always possible 
have triangulation stations conveniently located at the ends of a tra- 


verse, it is frequently “necessary to make a loop and « close on 

station. Certainly, if the conditions of the field work such a 

_ the work should not be hampered unnecessarily by restrictions imposed by 


writer has computed ‘three actual. traverges: By ‘the ‘method 
Sheldon ; by the ‘method of the State plane 


ordinate system ; geodetic. methods (see Table 5). 


VE "Accuracy or ComPuTING 


eaves 


vocated by co-ordinate | detic 


: 


Error of closure to 11700 1 to 11700 


 Asimuth difference 55! és 0’-05"".7 0’-1 
to 11 “300 to 30200 | 1 to 30 200° 
These traverses were chosen at random. The field work was done in 
cordance with instructions: for second- order specifying an error 


of closure of 1 to 10000, better. These ‘results show that the. State 
plane-co- ‘ordinate systems and ‘the geodetic methods of computing: are 
and that the same field observations give the same closures. if third- -order 


specifications: for field work had been adopted, res results from_ the 
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‘ September, 1987 oN HORIZONTAL GEODETIC ‘CONTROL 1433 
advocated by Mr. Sheldon would give closures of less th than 1 to 5 000, ond a 


the work would. not conform to third- -order accuracy. For or ‘this: method, 


error is introduced by the method of computation, and what is due to the img 
field observations. If this method adopted universally, and closures 
illustrated were ‘obtained for traverses: between fixed triangu- 


ation stations, then lines” run between stations established on different 
raverses, would subject large discrepancies, and the resulting -con- 
be intolerable for any rigid control system. ‘st 


If an extensive system of triangulation is” required, the geodetic methods 


should ‘be used. _ These _computations a are especially, 


—— 


e State, and o1 on thet projection : any traverse computed with greater 
se to ‘any required degree of accuracy than would pertain computa- 


tions of traverse by geodetic methods or by the 1 method 


: 


These State systems of plane ¢ co- ordinates 
request of practical engineers who wished to ‘advantages 
ccruing to their surveys through connection the national 1 net of 
= poin' 

forms of projection used. For those States the greatest ex- 
tent of which is in ‘an east-and-west ‘direction, the Lambert conformal 
projection was adopted, and for those States lying mostly in a north- 

south direction, the trans erse Mercator ‘projection was used. The earth’ 

spheroid at sea level was developed on these projections for areas” the 
extent of which was determined by the limiting scale factor necessary to 


bring the sea-level surface to that of the plane. Inv ‘most cases this limiting 
| correction, , or scale factor, was kept less than 1 part in 10 000. This 


limitation necessitated more than one zone ‘in most of ‘the States. These 
seale factors vary according to the distance from lines of exact scale 
in in the Lambert projection, consist ‘of two standard parallels of latitude, 


and in the transverse Mercator ‘projection ot two lines o on either side 
| 


scale factor is less” 1 part” ‘in 10 000. The scale factor 
Varies as” ‘the distance from a Tine, ‘and not from: a ‘point of “origin, | 


Stated by Mr. Sheldon. 


For any, surveys within these zones which are connected to the national 


4 


the 


an engineering school, who has pursued the usual mathematical courses. 
2 
1 
— 
— 
| 
distortion due to placing the surveys on the projection is, in 
"B less than 1 part in 10 me If the scale factors are applied t 


= 


is a from one zone to ‘the To ‘any dificatice due to 
traverse lines extending from one zone to ‘another, a ‘sufficient overlap is 
= provided at the junctions, so that any traverse may be placed on either 
er uit It is a sim ple matter to convert the co-ordin 
of one zone to 1 thoee of ‘the: other at the point of overlap. 


initial point at the end of the survey. . The positions of the stations to 
which ‘connections are made are ‘expressed in terms s of 2 and y- -co-ordinates 2 
with a, grid azimuth to a definite point near-by, all on ‘the plane co- -ordinate 


system adopted for the State. The grid azimuth is carried through the 
traverse from the starting point to a closure the: ‘station at the end 


the traverse. © The azimuth closure then distributed equally among 


the angles” of the ‘traverse. The linear ‘measurements are reduced to the 


horizontal and if they are above about Elevation 500 they should also 


include the correction to -yoduce to sea level. if the maximum of acouracy 


is desired, the ae seale correction should also be applied. Previously stated, 


ES ae ‘most cases, this scale correction is less than 1 part in 10 000 and may 3 
he ignored accuracy desired does ant: exceed ‘that criterion. The 


wile 

~The’ United States is not alone the adoption of ‘the co- 


8 for r general s surveying ‘purposes. projections have long been q 
in use in many European countries. Most. of these countries are thickly 


settled. and land values are high. Methods of a high degree of accuracy 
are required for property surveys. ‘These’ countries have found a plane 
Pe co- ordinate base adequate for their needs. Should not this country benefit — 


by the « experience of others? As the population of the United States be- 


comes greater: and land prices ‘increase, surveying standards: pertaining to 

property must be on a higher plane than has generally prevailed to this 

time. Plane co- ordinate systems, mathematically determined an d related 


iy the spheroid, to which ‘field surveys « can be referred by utilization of the 


hes simple methods of plane surveying, are entirely logical and consistent, an and | ii 
furnish a simple and readily understood method to engineers and 


surveyors may turn with confidence that the accuracy desired 

These systems are finding ready acceptance among” sur 


veyors. Two ‘States—New Jersey ‘and Pennsylvania—have already adopted 
ad laws legalizing the use, of the State plane co- -ordinate system for property — 
description purposes. ‘Several other States also similar 


laws, ASAT 


measurements, which is matter, then the limit of accuracy 
—_ | ae is dependent almost solely upon the standards of the field measurements. § if 
— “sys 
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indifference displayed by the majority civil engineers. Before en- 
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t to Mr. Sheldon’s: conclusion surveying he ont date, 


and the surveying data ‘expressed thereon are 
themselves. Surveyors need 4 no hesitancy in 1 relating their surveys 
to such systems» with assurance that, the recommended methods 
are followed, the accuracy of thei r data will be limited ‘only by 


C. Carpenter,’ M. Am. Soo. C. E. (by letter). 7a_Any argument 
use of horizontal geodetic control should receive the unani- 


mous endorsement and active “support of the entire Engineering Profession. BS 
This basic | scheme for reference of is method, 


gineers can attain the objective of the universal use of horizontal geodetic ae 


they must enlist, not only engineers, but administrators, executives, 
and in a campaign to promote ‘the of this 


Perhaps the “wish was father to the thought” in Mr. Sheldon’s state- 
ents that the main triangulation net of the U. S. Coast and Geodetic — 
2 Survey is nearing completion. , About 65 000 miles have been completed in — 
field and partly computed ‘and published. The final spacing of 25 miles 
between ares, » will require 117 000 miles. Henee, the actual work is is scarcely 
finished. True, the “projection of the remaining “cross- -traverses will be 


easier and less S expensive, but there will be some work necessary on the 


ring thie ‘subject to the attention of engineers the 


older nets nets and a large volume of computation and adjustment required 60 


that” a conserva tive estimate places the project now (1937) at about (650% 
a complete. The only way to complete the remainder of the work is an 
among engineers, first of insistent 


-mile | ‘spacing. 


% begun to tie their extensive highway surveys to the national net is ques- 
_ tioned A large mileage in North Carolina has been tied to the network. 

Texas made a start on one survey | but has never that one ‘Project 
and seems indi 

forty-eight State > Highway Departments of ‘tie country would ‘spend d enough 


time on a stuc dy of the possibilities contingent upon the use of. ‘geodetic 
‘surveys, and then give the scheme a fair trial in 


— 
ag 
— 
_ 
‘ 
‘2 
to realize the valu 
od e of horizontal control, and the responsibility 
fall on the shoulders of a small group who 
ained to carry the campaign to ‘its logical 
— 
— 
— 
— 
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SO field, they \ would leave a permanent legacy of basic control for all planning s iy 
| 
operations, all mapping procedure, cadastral surveys, and engineering sur- | 
ways of every character which would be as valuable as the transportation 2 x 
facilities they provide, ; and, undoubtedly, its permanency would be equal 


or in excess of, surfaces Tow being constructed. Geodetic 


ordinates tied in to the equator and to converted. to 
2 and y-co- “ordinates for ready use by ‘the most imcompetent land ‘surveyor, 


spaced along the highways, monumented, ‘and the co-ordinates stenciled in i 


- the monuments, will bring the use of this system to a practicable possibility. — Zz U 

Mr. Sheldon has correctly stated the reasons engineers fail to use the 
network as a control, even if ‘they find a monument within usable ‘distance 
ea of their survey, but there is no excuse for the modern engineer to avoid | | ake 


the use of the control, for the Coast and Geodetic Survey has: developed 
simple and practical method of conversion from "spherical to plane 
; - ordinates” and when the z and y- values are known, it becomes | a matter of sy 
the use of familiar latitude and departure surveying. Adams has 
ri written a clear convincing description of the procedure that has been 
developed by the Coast and Geodetic Survey the engineers of the United 
; to use in making their surveys of permanent value. Mr. Sheldon_ 
has listed publications that be consulted by interested surveyors. 
ee _ There are two very important publications of the Coast and Geodetic | Sur- 
vey, , which are not mentioned, n namely, Special Publication No. 0. . 19h, 
Manual of Traverse Computation on the Lambert Grid,” and Special 
195, “ Manual of Traverse Computation on the Transverse 


orm m the procedure to in using plane co- -ordinates. tic 
: detail is covered and possible problem m is illustrated by examples. 
ie Plane co- ordinate tables for the State may be obtained from the Coast and 4 Vi 
Geodetic Survey and any engineer who may decide to “use the Geodetic 


network can obtain complete information and detailed instructions 


Sheldon has described the system i in use on the Canal Zone and h his 
description admirably illustrates the difficulties, probabilities of error, and 
complications in closure that may be expected when an isolated area is to 
be covered by a a system of control. This i is the best possible argument for 
the adoption of the plane— -ordinate control adopted | by the Coast a 
"Geodetic Survey for a all ‘surveys in the United States. _ This Canal Zone 
of control is not suitable for general us use ‘United States. 
Without doubt, the national geodetic net will ultimately b be used as a. con- 
trol for all surveys, but. the realization of this condition will be brought 


about through | the use of the | plane” co- -ordinate “systems | developed by th 


U.S. Coast and Geodetic. Sur for all the States of the Union. 4 Con- 
formal conic projections flattened to a plane will p prov vide ‘simple, easily 
surfaces allow engineers t to use ordinary surveying ‘methods and 
-ordinates will be right- angle and y- distances, in feet. When the 


cedure is Foe and easy to apply there is no excuse for any engineer = 


Ci it 1937. 
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to become fail of control survey. 
With the completion of the e triangulation system and publication of the 
positions, _ together with _ the plane co- -ordinates based on these new | State 
the adaptation of this system for all surveys will be very much 
-mapping ‘has developed rapidly during the twenty years years, 1917-37. 

= doubt many important improvements in methods and technique are just ‘ 


“in the offing. There are numerous agencies operating» throughout the 


maps; ‘the horizontal that t is necessary to ‘make 
accurately, the correct and true position of the 
topography is ; not in existence and there is some question as to the value 
of these pictures in the ‘permanent “mapping ‘method for the | entire. country. = 
‘It is a case of “1 “the cart before the this instance, ‘the cart 
may ‘be found to be of limited value. 
The geodetic 1 network must be completed by th the agencies of the ‘National 
Government. Its completion | is the first important. step in the ‘development 
of a logical for mapping, planning, con nstruction, and maintenance of 
public and private works. — Engineers | are ‘e competent to 0 explain the immense — 
value and vital "necessity of this work and, therefore, the “Practical Use 
of Horizontal Geodetic Control ” ow. arrants— the attention of all members of 
RGE D. Warr MORE,” M lette —The 
spherical co-ordinate base, unquestionably has considerable merit. He con- 
vineingly urges engineers to use the ideal spherical co- _ordinate basis for q 
preserving survey results, and for rendering such results universally usable. — : 


It is believed, however, that the ‘procedure he proposes i is too far ahead of 


Perhaps the end result which she describes could be better ac- 


si surveyors and engineers of the peesent time, for example, 
understanding generally the mathematics and theoretical value 4 
tangular co-ordinate systems as computing and plotting bases for "survey 
nevertheless do not clearly realize all the every- -day ad- 
; vantages to to be gained by using even this simple type of “co- ordinate system. 
Hence, a “majority of engineering surveys day are executed : ind used 
‘without benefit of any kind of co- ordinate base—spherical or plane. From 
standpoint of the. engineers’ education, therefore, it might be preferable 
stress, for a few years at least, the importance and advantages of any 
system of co- -ordinates, rather than to try to plunge at once into full use 
of geographic )-ordinates. After all, the use of co- -ordinates, whether the; 
oa re spherical . or rectangular, is only a means to an end. The ‘primary pur- 


pose. of system is to show by a simple express 
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sion the relationship: of each point to all other of the system. The 
units of ‘measure used, whether feet, meters, or degrees of are, are only 


: _ dinate basis in constructing maps covering large areas, "especially if several 
Bee map sheets | are involved. If the maps cover extremely large areas, , such as 
a State, the necessity of spherical co- ordinates is not questioned. It the 

cover smaller ar areas, such as a city or county, the chances were, until 
recently, that the maps would have been based on | some 
local co- ordinate system. ‘Thus, operations, 
for a 


ried this same reasoning into their engineering ‘surveys. It seems 
to the writer that what is good practice for ‘is also good practice 


Perhaps the principal reason engineers have been ‘slow in using 


retains many of their “advantages. This is the State: Plane Co- 


System develo loped a and published State by the U. Coast | 


and Geodetic Survey in 1934. much has has already been written regarding 


these State-wide plane co-ordinate systems that there i is no need to repeat 9 


the descriptions herein. might be stated in summary, however, that these 


systems extend over large areas without serious distortion in either distances 
exist in distances or co-ordinates is 
ey exactly known from the relation between the spheroid and plane, and, 
hence, can be determined instantly in case more precise distances ‘or posi 

tions are reqired. These systems, on the other hand, have all the advantages 


local plane co- -opdinate systems in simple, easy ‘computations. They have 
also the principal advantage of spherical co- -ordinates in that ‘they are 
ie lated directly to all the basic control ‘surveys of the country ; it is a matter 


ia at of only a few moments of computing to convert plane co- -ordinates to geo 


Thus, it seems. apparent that t the ‘State- -wide plane co- -ordinate aystems, 

representing a nice “compromise between the universal geographic and the 

: local Plane systems, will be the basis, if any, used by engineers in the com- 


alle 


‘their surveys | during, the next several Regardless of the 
merit of getting all surveys on the universal ‘spherical base, it will take 


s veral ears -and much more propaganda than a few apers in the dechaiell > : 
journals convert engineers to the actual practice. 


‘The experience of the s 
Authority, which adopted the State- wide ‘plane co- -ordinate 


publication, is ‘gratifying. Until that time, all routine reservoit 


Most engineers appreciate t the necessity for ‘some -Or- 


f 
ar 
si 
= de 

Plane co-ordinate systems, so well explained by Mr. Sheldon. It 
ili mS . that there is now available, however, a type of plane co-ordinate system «th 
‘ nes man he disadvantaves o h_lo ratem but u 
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rember. WHITMORE ON HORIZONTAL GEODETIO— 
extending over parts of seven States), such 
planimetric maps, topographic maps, and regional maps, were plotted 01 on the ray: a 


geographic co-ordinate base. Extensive mapping projects similar to these 


latter are still plotted on n the geographic co- -ordinate system, , with the prin- a 
cipal” control surveys being computed in terms of spherical co- -ordinates. 


herical 


The traverses serving as detailed control for suc such maps are ‘computed either 
‘ae the State plane system or the spherical system, whichever happens to be es Bc 

convenient. Since such map sheets show the projection lines” for both 
systems, either basis may be used in plotting. 4 
reservoir and surveys, however, since they extend over smaller 


control; large- scale topographic maps of dam sites, camp sites, and town — 
cadastral surveys and for land acquisition ; transit- -tape traverse 
the final reservoir property boundary; ranges for measuring future silt 
deposits; transmission line surveys, and many other types. ‘In the 

- puting unit, where a large volume of computations are handled, using both a Se 
geographic and plane systems, there is is ‘practically unanimous 0; opinion 
the State- -wide plane systems fulfill a long- felt need, that , they must displace pe 2 

local plane -ordinate systems, and inevitably will be. used. by practical 


on the State plane co- “ordinate bases. Such ‘surveys: include traverse 
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. FROHLICH, Dor 


of Part II of valuable paper in the 
Ms placed upon the influence of the rigidity of structures on n the distribution of > 
¢ soil pressures in the « contact surface. (16) represents the result of 

the treatment of the “classical” case of the stress distribution at the 

3 “of a circular and absolutely rigid d disk, with a symmetrical load, placed nes 
the horizontal surface of a semi- -infinite, elastically isotropic mass. Bous- 
has given this result in a very intuitive manner, which, in the writer's 
opinion, i is worth mentioning two reason: First, because it repre- 
practical e engineer, a mnemo- -technical means of. reproducing 
Equation (16); and second, because ‘it may be used to compute the stress 
; distribution in the two-dimensional case. _ According to Boussinesq_ the unit 
ceo stress at the base of the rigid circular disk (of | radius, r) at any point, ee. 

of the contact surface is obtained by distributing. the total load, P= prn, 

equally over a hemisphere (2 r? ™), W hich ‘is assumed to be erected “over the 

base circle of the disk, and by taking that part of this load, which is cut from se 
the hemisphere by a vertical cylinder, having the unit surface at the given 
point as the base. Tt is easily seen that, in the center, where ¢ c = 0, the - 
stress is 0.5 p; at the edge where c = 1, it becomes | infinitely great and at 

In the os case of ¢ a Tigid strip (width, 2b) of infinite length ( ‘the case of plane 

and 


re. The total load, P, per polar length equals 

surface i is ‘then In manner 


Re 2 _ Norr.—The paper by D. P. Krynine, M. Am. Soc. C. E., was published in April, 1937, 


SL roc eedings. ‘This discussion is printed in Proceedings, in order that the views ren 
may be brought before all members for further discussion of the paper. 


* Cons. Engr., The Hague, Holland. 
Received by the Secretary June 1, 1937. 
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the three- dimensional case, the formula for the pressure, Dz, at 
of the axis of the loaded strip, becomes, jo 1 PING, 


3 rigidity, | the pressures under the edges are” infinitely great, whi hich is a conse- ‘ 
quence of the assumption, ‘made in these theoretical computations, that 
Hooke law remains valid beyond any limit. In this respect, the practical 

> question arises as to the value that the | pressure may attain under the edge Be” 


| 


“under the edge of a foundation was presented by the writer in’ 1934.8 
“the aforementioned theoretical computations of the distribution of soil 


pressures under loaded plates” or strips, having a certain degree of rigidity, | 
Telate to very simple cases which, in practice, are very” seldom encountered. 
To show chow the ‘practical problem of determining the influence of 

rigidity of a given ‘structure on the distribution of the soil pressures may 

- - attacked, the following example will be considered: In Fig. 16 the four founda- a 

about a center Hine, consist long strips, ‘sup- 


“usual under the a to ‘This is 
“Problem of pure statics, the solution ¢ of which is well known. assump- 
tion that the structure is infinitely long. simplifies the computation inasmuch 


unter einem gleichmissig belasteter, elastischen Plattenstreifen, 
le Welcher auf der Oberfliiche des elastisch-isotropen Halbraumes liegt,” von H. Borowicka, ee ong 


 Muternational Assoc. for and Structural Eng., Second Final Rept., 
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a . Borowicka” and A. Habel*’ have dealt with the influence of the rigidity  #§ 7i™™ 
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problem. 


as ‘reduces the | three-dimensional, to to plane-stress, 
BS eS tions, | given in the paper ar and in the m monograph mentioned** enables the de- 
signer to determine the settlements, 2, and if. the concentration factor and 
at, id As the originally straight surface line, ab, of the soil changes into the 
care, b’, it is evident that the distribution of the total load, =P, which — 
originally was P,-P:-P;-P;, is changed by the interaction of structure and 
underground. How the supplementary system of forces, Z(A4P) = 0, acts 
- on the structure and on the ground, is shown in Fig. 16. - The unknown And: 
ee ee must satisfy the condition that the deformation of t the structure be- 
ae comes identical with the deformation of ‘the surface line of the soil. Es 
ie pecially, if the structure is absolutely rigid, the supplementary system of 3 
forces, = 0, must. flatten the curve, a’ b’, into a horizontal straight 
ne _ line, a”’ ” (dotted i ‘in Fig. 16). Ast the settlements, due to the action of the — 


"supplementary forces, vary directly with AP, the numerical work involved : 


e me is not so tedious as one would suppose at first glance. _ ‘The last step of this : be 
procedure is to compute the so-called secondary stresses in the structure, us 
by the four forces, AP, which is again a problem of 

Dowatp 29 Assoo. M. A Soo. 0. (by letter). 


author i is to for “advancing the ‘stress distri- 
a bution under rigid footings and rigid mat foundations, and for emphasizing ; 


fact that common practice of assuming uniform distribution of 


™ 


pressure is not logical and be unsafe in some cases. engineers 
— 
agree with his recommendation that extensive use should ‘be made of + 
sure- cells” manger “new structures” to furnish "data ac actual 


Professor Krynine has use of th e .concentration factor, 
"parameter which should be adopted only when the extent to ‘which it is 
applicable is held clearly in mind. The same point 1 may ‘be said to apply 


Dr. rohlich’s 8 works which, however, contains valuable -concep- 
tions for a student of this subject. rohlich has shown that ‘under 
edges of a rigid footing on the surface of a ‘sand ‘deposit a condition 


flow exist for which the concentration factor will | have 
3 


j 
maximum value of perhaps 6 or 8 . Under the footing, p 


edge to the center, this factor ‘will decrease from point: to ‘point ‘and 
it will decrease with increasing depth. ‘Thus, the concentration factor 


different points for the given ease may vary as much as from 8 to 4 


oat with this in mind it may be ‘seen that diagrams | such as Fig. 9 a, 


author makes ‘Ge that consolidation of ‘deeper strata has 
no effect on the interaction | “between a structure and the earth “mass 


which it rests; that the entire system assumed to settle “uniformly. 


Research Associate, Soil Mechanics, Dept. of Civ. and San. Eng., Mass. Inst. Tech. 
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beast without, increasing which the outer 
— Carry. In Fig. 17(@) consider the loaded area to. be = 


nm 
mn 
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for let it ‘be loaded load be applied ar 
Before the underlying layer’ has had compress 


= 


= _ appreciably the settlement, which will occur entirely within the sand, will oe 

be as ‘shown; the streas thrown to the buried layer, , according to 
usual conceptions of spreading out of stress, will as indicated. From 
4 this. distribution of ‘pressure on the buried layer, it is evident that the 
compression in ‘this layer be greatest at the center. area 
| must undergo a settlement approximately equal to this compression and 

after” a period of time will have settled about as shown in Fig. 17 (b). 
Since the surface stress distribution does not change, the stress at the com: 
-pressible layer is probably not radically altered. For comparison, in ‘Fig. 


 17(e), let the footing be rigid. When suddenly loaded the stress distribution 
and the stress transmitted to will be shown. It 1s 


evident that in this case there is a tendency toward greater settlements 
center of the loaded area, and yet the rigid footing requires that the 


"settlement must be uniform. “The only possible result is that as settlement 


4 


there must be a of the two stress distributions | = 

as Fig. 17(c), since the stress distribution at the “compressible layer is caused — 

fs NG by the stress at the loaded area and also must be such as to give uniform — 

"settlement. ‘Fig. is a rough indication of probable distribution for 

ACOB Few,” M. Am. Soc. C. E. (by letter).*“—Because of the | clarity 

exposition well as the completeness of the paper, the author's: contri- 
bution to the study of soil mechanics is one of outstanding merit. The limita- 

of the results are carefully stated and no universal solution of a 

The broad application for enstions (1) and (6) is possibly open to criti- 
cism. The derivation of Equation (1) is based on a summation of stresses 
resulting from strains. As long as the summation of strains resulting from 
my S stresses does not exceed that at the elastic limit of the isotropic mass, methods a a 
of superposition are permissible. Conclusions 1 to 5 are worth careful study 
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irec- 
Behe tion of the radius vector, joining the point of orate with the point at which — i: 
tine the: stress is being determined; also, that the graphical method described _ 


= 


ood gives the stress at any one chosen point in the earth mass and ees be mt 


peated for each p point at which knowledge. of the stress is ‘desired. 
a practical problem, the vertical intensity | of loading is required. 


continuation ‘of the basic formulas of the paper, as is done later for the ex- 
- planation of the ‘graphical: method gives: The vertical unit stress at any point 


in an earth due toa a point load, P, at the surface is, 
ad 


cos 


i ae Equation ns (32). an nd (33) are derived from ‘Equations: (1) and (6) of the 


paper. ‘For various values of n and a, tables based on ‘the values for m listed _ oY 

ad in Table 1, can be prepared for ready use, as shown in Table 2. By the use _ 

ALUES OF a@ AND — a. 


|3 401 | 0. 
a 


of Table ye upon an ‘assumed value of n, and with a given loading, stress 
“conditions at various: depths along radial lines 3 15° apart can a be computed 


enter of gravity of each area: ar 


79 x 60; the center of gravity i is 39.5 ions iad 30. 0. up; 
14 26° 20’; and, A, costa = 2740. 
As = 55. 25 X 60; the center of gravity i is 27. 63 left and 29.0 down; a is # 


= 21° 50’; and, Acosta = 2 
ee a Aly 65.75 X 60; the. center of gravity is 32.96 left and 31.0 down; ais 


tan (24° 2 2 0’; and, Ay = 2480. 


— be 
th 
4 tie 
— 
— 
a 
— 
| | | a@=15° | a=30° | 
3 0.085 (0.637 0.545 | 0.359 | 0.160 
| 0.637 0.080 | «60.751 (0.632) | (0.366 0.133 
0.939 | 0735 | 0343 | 0083 
8 | 127 | | «(0797 | 0.299 | oof 
— | 
y Fig. 0. Laking the data 0 at example, a very rapid approximate Cc 
putation, using a slide-rule only, can be made as follows: Divide the area 
into three areas by the horizontal and vertical lines through Point X, and 
— 
— 
— 
— 
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foregoing are obtained from the correct location of centers 


The summation of A a 7 500, the unis 100 ft 

below Point X is 0.89 ton per sq ft. This may seem to be in considerable e =e 
error, the author’s value being 0.78, but at a depth | of 100 ft, the weight of Ss 


the soil i is paged 5 tons per sq ft, and the totals are, therefore, prac- oF 


by further subdivision of the loaded 
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~ SOIL- REACTIONS IN RELATION 


EORGE 


of is in this paper an and the -author’s 
deductions from his of them are exceptionally clear cut. After 


appear that more weight can _be given to pile- -driving and loading tests. 
than is , actually the case. ~ Such | tests are of value for specific purposes ( 
for example, to determine whether a pile will develop: frictional resistance 
sufficient to t ransfer its load. to the surrounding soil, ¢ or, in the case 
piles reaching a hard stratum through | soft: material, to test the ‘strength of 
the piles as columns), but in the usual case it is impossible t to test Toad 
an area comparable in size to the e foundation. Therefore, in the usual case, 
the re results of test loadings, in plastic ‘materials, especially, cannot | be relied 
upon to indicate directly. the settlements to be in the finished 
"grea emphasis, 


tion of the by boring ‘not a ‘commentary on 
the state of the art that this point requires emphasis. — The writer has ha “es 


experience involving the design construction of eight locks and 
‘Upper Mississippi River. These structures were founded on on 
in undergrounds: containing sand, silt, and clay, complicated in in some cases 


by rock at depths” of about 15 ft. -Borings by var 
“piles, and loaded piles were used ‘to explore these foundations. — 


of construction of the project a as a whole was of ‘sufficient length to 
settlement data for comparison with the 1 test results ‘80 


structures: before the: final structure was completed. the termination 


~ Nore. —The paper by R. M. Miller, M. Am. Soc. C. E., was published in June, 1937, 
_ Proceedings. This discussion is printed in Proceedings, in ‘order that the oe expressed 
way be brought before all members for further discussion of the — ae 


Supt., St. Anthony Falls Water Power Co., 
Received by the Secretary June 23, 1937. : 
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*For a discussion of see, “The Science of Foundations,’ 
‘erzaghi, M. Am. Bee. Cc Transactions, An 1. So C. E., Vol. 93. (1829), p. 288-291. 
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of this ‘experience, the writer -wammarined- in his notebook 
learned about foundations. The entry i in this notebook is: 
“By far the most important ‘foundation information is a thorough ~ 


of the material in the underground to a depth of about twice 
the: width of the foundation; to greater depths if soft beds might exist ;. 
Ene depths. For all cadineitiens’ use a method which will obtain a whole 


~ sample of the material, from ground surface to bottom of boring, and aX 
where compressible materials are encountered, obtain undisturbed samples 


expert, it is true, , can forecast future behavior quite accurately 
 agorea of undisturbed samples, but the expert will erm his opinion 4 


until he has the laboratory results before him. Only | the inexpert are. 


courageous enough to proceed, where compressible materials are involved, 


Srowmrrs® M. Am. Soo. C (by letter). “discussion 
the behavior of pile foundations in mixed ‘soils, with its wealth of 


=. and data, ‘seems to the writer to make for 
basic considerations in the design of pile foundations. 


the case 1 ‘may be considered as point: bearing; 
= 5 becomes entirely proper to resort to a ‘spacing as close as driving condi- we 
tions permit. It is then important that the piles be of as nearly a uniform 


cross-section as possible. Where there no such underlying ‘stratum 
| within reach , which will carry the load of a normal footing within its own cot 
the piles must be considered as friction piles. A friction pile is one 
which depends o on the cone of ‘pressure to r reduce the unit t at and below 
its point toa value ‘eapable of being supported by the available “strata. 
these cones of pressure intersect a: and overlap too much there is a waste 


‘corresponding to the overlap. Thus, in the case of friction piles, spac- 


Although the spacing called for by the WwW formula (see heading 

“Spacing for Friction Piles” in the ) paper) is extreme, ‘none the less it is an 


on sound logic. Spacings of 25 ft or 3.0 ft, perfectly correct with 
-bearing piles, must usually be ve very ‘wasteful when used with friction 
piles; (385 ft t to 5.0 0 ft would ‘represent the most “usual practical answer, 
_ This will usually call for a larger foundation area; but not always, as the 
unit value of the piles will be higher and more uniform, 
ty |S seems to the writer that Mr. Miller has drawn the wrong conclusion — 
rom the dish- -shaped settlement (see Spacing for Friction Piles These 
necessarily reflect an overloading of the underlying substratum ; and, | con-— 
> “sequently, a1 are more affected by the size of the foundation than by the exact aes x 


number of piles. The interior piles may well a fairl 4 
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ing in more effect, one way or the ot ler, 


ras 
the supporting soil outside ‘the one of these settlements 


ike 

their value high and uniform beginning to drive in and 
working out. toward the e pac 


edge. throws the heavi ing ‘and compacting 
ae outward where one will be relatively beeetehd: the other helpful. Starting 
i4 at the edge makes the piles ‘more and more difficult to drive, needlessly in- 
es creases the trouble with heaving, and decreases the capacity of the piles. 
All the foregoing comment involves essentially, a friction-pile "same 
uch phenomena can scarcely happen where the piles are entirely end bearin 
It may be worth noting in this connection that tapered piles, ‘regardless = 
their material, are at their best as friction p iles. In an end-bearing pile, 
the: useful column ‘material (for load carrying as distinguished from 
ing) cannot be much more than double the lower half. heaving ground 
iti is important: that the pile, as driven, have abundant tensile strength; that 
is to say, cast-in- 1-place concrete (one of the best possible materials 
is out of place in an incompressible 
RA 
Much can be done to control heaving by the Sequence of the pile- driving. — 
Often there is one side of a foundation where heaving will relatively 
harmless. By starting the driving on the side with the greatest resistance 


the ban k, if there is one), and p progressing back and forth 


i 
to where it make the minimum a trouble. . This takes more 
eral times this 


Along the: New J ersey shore, ‘opposite _about 50th and 65th Streets in New. 
— York City, the »p in | places as as 210 ft; 85-ft wooden © 
pier piles driven with a 3 900- Ib drop. hammer must be watched closely lest 


go below the eut- “off. ‘They will often be down 35 val at ‘the 


we 


tons, despite given en by the Neat. 


formula. It has seemed to the writer that the nearer one comes <4 a 
friction pile, the less reliable are the results g given by this formula. 
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